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ABSTRACT
S ta p h y lo c o c c u s  a u re u s .,  d e s ig n a te d  H i l l  F arm -4 , w as i s o l a t e d  
from  a  c h r o n ic  c a se  o£ b o v in e  m a s t i t i s .  P r o te in  A w as o b ta in e d  from  
th e  o rg a n is m  by h e a t  e x t r a c t i o n .  The h e a t  e x t r a c t e d ,  c ru d e  p r o t e i n  A 
was f u r t h e r  p u r i f i e d  b y  HC1 p r e c i p i t a t i o n ,  ammonium s u l f a t e  p r e c i p i t a ­
t i o n  and  ch ro m a to g rap h y  on S ephadex  G -100 g e l  and D E A E -c e llu lo se .
The p u r i f i e d  p r o te in  A ( f r a c t i o n  Ag) h ad  p r e c i p i t i n  r e a c t i v i t y  a g a i n s t  
no rm al human and r a b b i t  se ru m . F r a c t i o n  Ag was s e r o l o g i c a l l y  s i m i l a r  
t o  t h e  l e s s  p u re  f r a c t i o n s  a s  i n d i c a t e d  by  p r e c i p i t i n  l i n e s  o f i d e n t i t y  
form ed a g a i n s t  a n t i - H i l l  F arm -4  serum  in  im m u n o d iffu s io n .
E le c t r o p h o r e s i s  o f  f r a c t i o n  Ag in  p o ly a c ry la m id e  d i s c  g e l i n d i ­
c a te d  t h a t  th e  p r e p a r a t i o n  was h e te ro g e n e o u s  a s  h as  b e e n  r e p o r te d  f o r  
h e a t  e x t r a c t e d  p r o t e i n  A p r e p a r a t io n s  fro m  o th e r  i s o l a t e s .  A m o le c u la r  
w e ig h t o f  1 0 , 0 0 0  was d e te rm in e d  b y  p o ly a c ry la m id e  d i s c  g e l  e l e c t r o ­
p h o r e s i s  i n  sodium  d o d e c y l s u l f a t e .
Amino a c id  a n a l y s i s  showed th e  p r e s e n c e  o f  s i x t e e n  am ino a c i d s .  
G ly c in e ,  a l a n i n e ,  g lu ta m ic  a c i d ,  l y s i n e ,  and  a s p a r t i c  a c i d  w ere p r e s e n t  
in  th e  h i g h e s t  q u a n t i t i e s .
v i i i
INTRODUCTION
S ta p h y lo c o c c u s  a u re u s  i s  u b iq u i to u s  and  i s  th e  c a u s a t iv e  a g e n t 
in  s p e c i f i c  c a s e s  o f  m a s t i t i s  in  m ost d a i r y  h e r d s .  M a s t i t i s  c au sed  by 
s ta p h y lo c o c c i  i s  o f  p a r t i c u l a r  im p o rta n c e  t o  th e  d a i r y  in d u s t r y  due to  
low  e f f i c a c y  o f  th e ra p y  w i th  a n t i b i o t i c s  p r e s e n t l y  a v a i l a b l e ,  th e  h ig h  
econom ic l o s s e s  s u s t a in e d  from  re d u c e d  m i lk  p r o d u c t io n ,  and  s h o r te n e d  
p r o d u c t iv e  l i v e s  o f  a f f e c t e d  cow s.
Many f a c t o r s  c o n t r i b u t e  to  th e  in v a s io n  and e s ta b l i s h m e n t  o f  
S^ . a u re u s  i n  th e  b o v in e  mammary p a ren ch y m a. The d ev e lo p m en t o f  an 
e f f e c t i v e  im m u n iz a tio n  p ro c e d u re  w ould b e  o f  g r e a t  v a lu e  in  p r e v e n t in g  
i n f e c t i o n s , and w ould p ro v id e  f o r  a  b e t t e r  u n d e r s ta n d in g  o f  th e  f a c t o r s  
m e d ia t in g  th e  p a t h o g e n ic i ty  o f  !3. a u r e u s .
The o c c u r re n c e  o f  a  n o n im m u n o lo g ica l a g g r e g a t io n  be tw een  a  c e l l  
w a l l  a n t i g e n ,  p r o t e i n  A, and c e r t a i n  c l a s s e s  o f  im m u n o g lo b u lin s , 
n o ta b ly  G ( Ig G ) , has  b e e n  a  d e t e r r e n t  to  a n  u n d e r s ta n d in g  o f  th e s e  
p ro b le m s . E lu c id a t io n  o f  th e  c h e m ic a l ,  p h y s i c a l ,  and b i o l o g i c a l  
p r o p e r t i e s  o f  p r o t e i n  A e x t r a c t e d  from  a  b o v in e  i s o l a t e  o f  S^ . a u re u s  
c o u ld  le a d  to  a  d e f i n i t i v e  e x p la n a t io n  o f  th e  r e a c t i o n .  The p r im a ry  
o b je c t iv e  o f  t h i s  i n v e s t i g a t i o n  was to  d e v e lo p  te c h n iq u e s  f o r  th e  
p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  th e  c e l l  w a l l  a n t i g e n ,  p r o t e i n  A. 
The o rg a n ism  em ployed (S_. a u r e u s ,  H i l l  Farm  i s o l a t e  4 ) was i s o l a t e d  
from  m ilk  c o l l e c t e d  from  a  cow e x h i b i t i n g  c h r o n ic  m a s t i t i s .
1
REVIEW OF LITERATURE
P r o te in  A o £  S ta p h y lo c o c c u s  a u re u s  o f  Human O r ig in
P r o t e i n  A was i s o l a t e d  a n d  c h a r a c t e r i z e d  b y  Je n se n  (1958) a s  
a  c e l l  w a l l  com ponent p r e s e n t  in  m ost human s t r a i n s  o f  S . a u r e u s .
The m ain  c r i t e r i o n  f o r  i d e n t i f i c a t i o n  o f  p r o t e i n  A i s  th e  develo p m en t 
in  v i t r o  o f  a  p r e c i p i t i n  r e a c t i o n  be tw een  p r o t e i n  A and no rm al human 
7  g l o b u l i n ,  o r  "n o rm al"  s e ru m . P r o te in  A w i l l  a l s o  p r e c i p i t a t e  norm al 
r a b b i t  and  g u in e a  p ig  7  g l o b u l i n s  (F o r s g r e n ,  1 9 6 8 a , 1968b , F o r s g re n  
and S j o q u i s t ,  1 967 , and L o f k v i s t ,  1 9 6 9 ). G ro v , e t  a l .  (1970) h av e  
r e p o r te d  t h a t  p r o te i n  A w i l l  n o t  p r e c i p i t a t e  n o rm a l r a b b i t  serum  
(NRS), how ever in  a  l a t e r  s t u d y ,  Grov (1973) a t t a c h e d  p r o t e i n  A to  a 
S e p h a ro se  4B co lum n, and p a s s e d  NRS th ro u g h  th e  co lum n. A low  co n ­
c e n t r a t i o n  (0 .5  -  1 .0  m g/m l) o f  p u re  IgG w as a d s o rb e d  to  th e  p r o t e i n  A. 
The IgG i s o l a t e d  in  t h i s  m a n n e r  r e a c te d  w e a k ly  w i th  p r o t e i n  A in  th e  
r i n g  p r e c i p i t i n  t e s t .  Grov su rm is e d  from  t h i s  s tu d y  t h a t  NRS h as  
Fc r e a c t i v e  IgG , b u t  in  low  c o n c e n t r a t i o n .  R a b b i t  and g u in e a  p ig  
a n ti-C o w an  I  se ru m , a n t i b o d i e s  to  S . a u re u s  human s t r a i n  Cowan I ,  
p roduced  v i s i b l e  p r e c i p i t i n  r e a c t i o n s  w i th  c ru d e  p r o t e i n  A. 
Im m u n o e le c tro p h o re s is  (IEP) p r e p a r a t io n s  o f  r a b b i t  and g u in e a  p ig  
a n t i - s e r a  o r  no rm al human se ru m  showed t h a t  c ru d e  p r o t e i n  A p r e c i p i ­
t a te d  p r im a r i l y  w ith  IgG.
G rov (1968) exam ined t h e  s e r o lo g i c a l  a c t i v i t y  o f  p r o t e i n  A w ith  
human IgG w h ich  had  b een  t r e a t e d  w ith  e i t h e r  p a p a in  o r  p e p s in .  P ap a in  
c le a v e s  th e  IgG m o lecu le  i n t o  t h r e e  f r a g m e n ts :  two i d e n t i c a l ,  s e r o l o g i ­
c a l l y  i n a c t i v e  a n t ig e n  b in d in g  f r a c t i o n s  (F ab ) and  a  t h i r d  fra g m e n t
3w h ic h  c r y s t a l l i z e s  a t  4 C (F c) ( P o r t e r ,  1 9 5 9 ) . P e p s in  d i g e s t i o n  
c l e a v e s  th e  IgG m o le c u le  to  y i e l d  a  l a r g e  f r a c t i o n  com posed e s s e n t i a l l y  
o f  b o th  F ab  f ra g m e n ts  [ F ( a b ) 2 ] , '  w h ile  th e  F c  p o r t i o n  i s  f u r t h e r  d ig e s t e d  
i n t o  s m a l l e r  p e p t id e s  (N is o n o f f  e t  a l , ,  1 9 6 0 ) . G rov (1968) u se d  
i n h i b i t i o n  s t u d i e s  t o  show t h a t  p r o t e i n  A r e a c t e d  w ith  n o rm a l, p a p a in -  
d i g e s t e d  IgG , b u t  n o t  w i th  n o rm a l, p e p s in - d i g e s t e d  IgG . Nor d id  p e p s in -  
d i g e s t e d ,  n o rm a l ,  human IgG f r a c t i o n s  i n h i b i t  p r e c i p i t a t i o n  o f  p r o t e i n  
A w i th  n o rm al human se ru m . T h is  s u g g e s te d  t h a t  p r o t e i n  A com bines 
w i th  th e  F c r e g io n  o f  t h e  IgG m o le c u le .
P r o t e i n  A r e a c t s  w i th  d e te r m in a n ts  p r e s e n t  i n  th e  F c - r e g io n  
(h e a v y  c h a in )  o f  IgG o f  s e v e r a l  mammals, and  p ro v o k e s  o r  i n i t i a t e s  
a  s e r i e s  o f  phenom ena g e n e r a l l y ,  h e r e t o f o r e ,  c o n s id e re d  th e  r e s u l t  
o f  a n t ig e n -a n t ib o d y -c o m p le m e n t  com plexes (S ta le n h e im , 1 9 7 1 ).
A g g re g a te s  o f  human o r  g u in e a  p ig  IgG and  p r o t e i n  A w i l l  f i x  com ponents 
o f  th e  g u in e a  p ig  com plem ent sy s te m  ( S jo q u i s t  and  S ta le n h e im , 1 9 6 9 ) .
T he F c f ra g m e n ts  o f  human myeloma p r o t e i n  w i l l  f i x  com plem ent i n  th e  
a b s e n c e  o f  a n t i g e n i c  m a t e r i a l  a f t e r  t r e a tm e n t  w i th  p r o t e i n  A (S ta le n h e im  
a n d  S j o q u i s t ,  1 9 7 0 ). M ost a s p e c t s  o f  th e  in f la m m a to ry  r e s p o n s e  i n  
t i s s u e  to  S . a u re u s  i n f e c t i o n  may be  in  p a r t  i n i t i a t e d  by th e  a c t i v a ­
t i o n  o f  th e  com plem ent s y s te m . The c o n fo rm a t io n a l  change in  th e  F c  
r e g io n  o f  IgG b y  p r o t e i n  A may be  one way i n  w h ich  in  v iv o  a c t i v a t i o n  
o f  com plem ent o c c u r s .  The d ev e lo p m en t o f  a n  A r th u s  r e a c t i o n ,  w h ich  
i s  com plem ent m e d ia te d ,  o c c u r r e d  in  r a b b i t s  a s  t h e  r e s u l t  o f  s im u l­
ta n e o u s  i n j e c t i o n  o f  human IgG and p r o t e i n  A ( S ta le n h e im , 1 9 7 1 ).
K r o n v a l l ,  M e ssn e r , an d  W illia m s  (1970) d i r e c t e d  t h e i r  s t u d i e s  
to w a rd  e l u c i d a t i n g  th e  m echanism  b y  w h ich  p r o t e i n  A and n o rm al human 
IgG r e a c t  an d  p r e c i p i t a t e .  N orm al, p o o le d  IgG and  p r o t e i n  A - p r e c ip i -  
ta t in g -m y e lo m a  g lo b u l in  w ere  a c e t y l a t e d  o r  c a rb a m y la te d  and
4s u b s e q u e n tly  t e s t e d  f o r  p r o t e i n  A r e a c t i v i t y .  A c e ty l a t l o n  r e n d e r e d  
a l l  p r e p a r a t io n s  n o n - r e a c t iv e  w i th  p r o t e i n  A. C a rb a m y la tio n  o f  no rm al 
IgG and  t h e  myeloma g lo b u l in s  changed  th e  ty p e  o f  r e a c t i v i t y  from  one 
o f  p r e c i p i t i n  to  i n h i b i t i o n .  The a b i l i t y  o f  IgG to  p r e c i p i t a t e  w ith  
p r o t e i n  A was l o s t ,  w ith o u t  l o s e  o f  r e a c t i v i t y .  T h ese  a u th o r s  s u g g e s t  
t h a t  p r e c i p i t a t i o n  w ith  p r o t e i n  A d ep en d s  on m o le c u la r  c o n f ig u r a t io n s  
d i f f e r e n t  from  p rim a ry  p r o t e i n  A r e a c t i n g  s t r u c t u r e s .
In  an  a t te m p t to  d e te rm in e  th e  n a t u r e  o f  th e  r e a c t i v e  s i t e s  in  
p r o t e i n  A, S jo h o lm , B je rk e n ,  and  S jo q u i s t  (1973) q u a n t i t a t i v e l y  
n i t r a t e d  th e  t y r o s y l  r e s id u e s  o f  p r o t e i n  A w ith  t e t r a n i t r o m e t h a n e .  
F o llo w in g  n i t r a t i o n ,  p r o t e i n  A r e a c t i v i t y  w i th  F c f ra g m e n ts  was 
m in im a l, w h i le  im m u n o lo g ica l r e a c t i v i t y  (F ab ) w ith  r a b b i t  a n t i - s e r u m  
was u n a l t e r e d .  The a u th o r s  s u g g e s te d  t h a t  l o s s  o f  F c  r e a c t i v i t y  may 
be  th e  r e s u l t  o f  d i r e c t  ch an g es  in  th e  t y r o s y l  g ro u p s  o r  p o s s i b ly  
c o n fo rm a tio n a l  a l t e r a t i o n s  o f  p r o t e i n  A f o l lo w in g  n i t r a t i o n .
F o r s g re n  and S jo q u i s t  (1969) e x t r a c t e d  p r o t e i n  A from  15. a u r e u s , 
Cowan I  b y  h e a t in g  to  100 C f o r  1 h o u r  a c c o rd in g  to  th e  te c h n iq u e  o f  
Je n s e n  (1 9 5 8 ) .  P r o te in  A o b ta in e d  by t h i s  m ethod was h e te ro g e n e o u s  
when c h a r a c t e r i z e d  by  N - te rm in a l  am ino a c id  d e t e r m in a t io n s ,  g e l  f i l ­
t r a t i o n  s t u d i e s ,  and p o ly a c ry la m id e  d i s c  e l e c t r o p h o r e s i s .  A l l  am ino 
a c id s  w ere  p r e s e n t  e x c e p t  c y s t e i n e  and t r y p to p h a n .  F iv e  t o  se v e n  
d i f f e r e n t  N - te rm in a l  am ino a c i d s  w ere i d e n t i f i e d  in  a l l  p r e p a r a t i o n s  
s tu d i e d .  U l t r a c e n t r i f u g a t i o n  o f  p r o t e i n  A d id  p ro d u c e  a  sy m m e tr ic a l 
p e a k , S20w “  1-6  > and a  m o le c u la r  w e ig h t o f  a b o u t 1 5 ,0 0 0 . C o n v e rs e ly , 
G rov , M y k le s ta d , and O eding (1964 ) r e p o r te d  t h a t  p r o t e i n  A p re p a re d  
by  h e a t  e x t r a c t i o n  was hom ogeneous w ith  a  m o le c u la r  w e ig h t  o f  1 2 , 0 0 0 . 
T h e ir  p r e p a r a t i o n  was composed o f  a b o u t t e n  am ino a c i d s ,  and th e
5N -te rm in u s  was d e te rm in e d  to  b e  a l a n i n e .
More r e c e n t l y ,  S j o q u i s t ,  M eloun , and  H jelm  (1972) r e p o r te d  t h a t  
p r o t e i n  A e x t r a c t e d  from  S.. a u r e u s , s t r a i n  Cowan 1 , b y  ly s o s ta p h i n  
d i g e s t i o n  was hom ogenous, e x h i b i t e d  a  m o le c u la r  w e ig h t o f  4 2 ,0 0 0  
when d e te rm in e d  by u l t r a c e n t r i f u g a t i o n ,  and  c o n ta in e d  s i x t e e n  am ino 
a c i d s .  S jo q u iB t ,  M o v itz , and  Jo h a n s so n  (1972 ) r e p o r t e d  t h a t  p r o t e i n  A 
i s  c o v a l e n t l y  l in k e d  to  th e  p e p t id o g ly c a n  s t r u c t u r e  o f  th e  c e l l  w a l l .
R e p o r ts  on s ta p h y lo c o c c a l  p r o t e i n  A h av e  s u g g e s te d  t h a t  i t  i s  a  
c o n s t i t u e n t  o f  th e  c e l l  w a l l  (F o r s g re n  and F o rsu m , 1970; N ic k e r s o n ,  e t  
a l . , 1970 ; S j o q u i s t ,  M o v itz ,  and J o h n a s s o n , 1 9 7 2 ; Y o s h id a , Mudd, and 
L e n h a r t ,  1963) and  a l s o  an  e x t r a c e l l u l a r  p ro d u c t  ( F o r s g r e n ,  1 9 6 9 ) . The 
f a c t  t h a t  p r o t e i n  A r e a c t s  d i r e c t l y  w i th  th e  F c p o r t i o n  o f  th e  IgG o f 
many mammals i s  o f  p a r t i c u l a r  t h e o r e t i c a l  i n t e r e s t  s in c e  many in flam m a­
t o r y  e v e n ts  c o u ld  b e  i n i t i a t e d  by  an  I g G - p ro te in  A com plex . S t r a i n s  
o f  a u re u s  w h ich  p o s s e s s  l a r g e  am ounts o f  p r o t e i n  A a p p e a r  to  b e  
m ore r e s i s t a n t  to  p h a g o c y to s is  th a n  o th e r  s t r a i n s  p ro d u c in g  m in im a l 
a m o u n ts .
The p r o d u c t io n  and e l a b o r a t i o n  o f  c o a g u la s e  by  s ta p h y lo c o c c i  i s  
a c c e p te d  a s  t h e  a b s o lu t e  c r i t e r i o n  f o r  p a t h o g e n ic i t y  and a  c lo s e  
c o r r e l a t i o n  i s  known to  e x i s t  b e tw een  c o a g u la s e  p r o d u c t io n  and  d eo x y ­
r ib o n u c le a s e  (DNAse) a c t i v i t y  (F o r s g r e n ,  1 9 7 0 ) . T h u s , th e  d e te r m in a t io n  
o f  DNAse p r o d u c t io n  w ould l i k e l y  be  a n o th e r  v a l u a b le  c r i t e r i o n  f o r  
p a t h o g e n ic i t y .  Of 700 c o a g u la s e  p o s i t i v e  s t r a i n s  t e s t e d ,  a l l  w ere  
DNAse p o s i t i v e ,  and 692 w ere  p o s i t i v e  f o r  p r o t e i n  A, and o f  100 
c o a g u la s e - n e g a t iv e  s t r a i n s  t e s t e d  o n ly  two p ro d u c e d  DNAse and p r o t e i n  A. 
Good c o r r e l a t i o n ,  t h e r e f o r e ,  e x i s t s  b e tw een  p r o t e i n  A p r o d u c t io n ,
6c o a g u la B e , and DNAse a c t i v i t y .  A lm ost a l l  s t r a i n s  r e g a rd e d  a s  p o t e n t i a l  
p a th o g e n s  p ro d u c e  p r o t e i n  A, and th e  p re s e n c e  o f  p r o t e i n  A m ay, p o s s i b ly ,  
b e  m ore d i r e c t l y  r e l a t e d  to  th e  m echan ism  o f  p a th o g e n e s is  th a n  t h e i r  
a b i l i t y  to  h y d ro ly z e  DNA o r  c o a g u la te  p lasm a (F o rag ren -. 1 9 7 0 ).
P r o t e i n  A o f  S ta p h y lo c o c c u s  a u re u s  o f  B ov ine  O r ig in
A p a u c i ty  o f  r e p o r t s  e x i s t s  c o n c e rn in g  t h e  n a t u r e  o f  p r o t e i n  A 
from  S_. a u re u s  i s o l a t e s  re c o v e re d  from  c a s e s  o f  b o v in e  m a s t i t i s .
K r o n v a l l ,  H o lm berg , and  R ip a  (1972) exam ined  S.. a u re u s  s t r a i n s  fro m  
human i n f e c t i o n s  and com pared them  w ith  i s o l a t e s  from  a c u te  o r  c h r o n ic  
c a s e s  o f  b o v in e  m a s t i t i s .  S e r o lo g i c a l  s t r a i n s  o f  S_. a u re u s  o f  human 
o r i g i n  and s t r a i n s  i s o l a t e d  from  a c u te  m a s t i t i s  c a s e s  p ro d u ced  h ig h  
l e v e l s  o f  p r o t e i n  A, w h e re a s ,  s t r a i n s  i s o l a t e d  from  c h ro n ic  c a s e s  o f  
m a s t i t i s  p ro d u ced  s i g n i f i c a n t l y  lo w e r  l e v e l s  o f  p r o t e i n  A. The 
r e a s o n s  a r e  n o t  y e t  known f o r  t h e  d i s c r e p a n c ie s  i n  p r o t e i n  A c o n te n t  
o f  s ta p h y lo c o c c a l  s t r a i n s  c a u s in g  a c u te  o r  c h r o n ic  b o v in e  m a s t i t i s .  
P o s s ib ly  a c u t e  m a s t i t i s  i s  d e p e n d e n t upon p r o t e i n  A a s  a  v i r u l e n c e  
f a c t o r .
L iv e  and Ranu (1968) i n v e s t i g a t e d  th e  u se  o f  p r o t e i n  A a s  an  
a n t ig e n  f o r  s e n s i t i z i n g  sh eep  r e d  b lo o d  c e l l s  f o r  u se  i n  t h e  p a s s iv e  
h e m a g g lu t in a t io n  t e s t .  They r e p o r te d  t h a t  serum  t i t e r s  from  d a i r y  
cows v a r i e d  g r e a t l y .  Cows w ith  h i s t o r i e s  o f  s ta p h y lo c o c c a l  m a s t i t i s  
d e m o n s tra te d  h ig h e r  h e m a g g lu t in a t io n  t i t e r s  and  im m u n o d iffu s io n  
r e a c t i o n s  w ere  o b s e rv e d  o n ly  w i th  s e r a  h a v in g  h ig h  t i t e r  h em agg lu ­
t i n a t i o n  r e a c t i o n s .
MATERIALS AND METHODS
B a c t e r i a l  S t r a i n
The t e s t  o rg a n is m , S ta p h y lo c o c c u s  a u r e u s , was i s o l a t e d  f ro m  a 
c h r o n ic  c a s e  o f  b o v in e  m a s t i t i s ,  I d e n t i f i e d  b y  s ta n d a r d  m e th o d s  
( N a t io n a l  M a s t i t i s  C o u n c i l)  and d e s ig n a t e d  H i l l  F arm -4  (H F -4 ) .
I s o l a t i o n  w as made o n  t r y p t o s e  b lo o d  a g a r  (TBA) (D ifc o  L a b o r a t o r a t o r i e s ,  
D e t r o i t ,  M ic h .)  c o n t a in in g  5% c i t r a t e d  b o v in e  b lo o d .  H F-4 w as u s e d  to  
o b t a in  p r o t e i n  A and  f o r  im m u n iz a tio n  s t u d i e s  i n  r a b b i t s .
C u l t i v a t i o n  o f  S_. a u r e u s  f o r  V a c c in e  P r o d u c t io n
HF-4 was grown in  K o lle  f l a s k s  c o n t a in in g  40 m l o f  T r y p t l e a s e  
Soy A gar (B B L ,B a lt im o re , M d .) .  E ach  a g a r  f l a s k  was s e e d e d  w i th  5 .0  
m l o f  a n  18 h o u r  n u t r i e n t  b r o th  (D ifc o )  c u l t u r e  o f  H F -4 . T he f l a s k s  
w ere  in c u b a te d  a t  37 C f o r  24 h o u r s .  The b a c t e r i a l  la w n s  w e re  h a r v e s te d  
w i th  40 m l s t e r i l e  s a l i n e ,  (0 .1 5  M N aC l) w ashed  two m ore t im e s  w i th  
s a l i n e ,  and  d i l u t e d  w i th  s a l i n e  t o  y i e l d  a p p ro x im a te ly  5 X 10^ c e l l s / m l .  
P l a t e  c o u n ts  w ere  d o n e  to  d e te rm in e  th e  c o n c e n t r a t i o n  o f  v i a b l e  c e l l s .  
The c e l l s  w ere  k i l l e d  b y  th e  a d d i t i o n  o f  f o r m a l in  t o  a  c o n c e n t r a t i o n  
o f  0.5%  and h e ld  a t  5 C f o r  a t  l e a s t  2 4 -4 8  h o u r s .  S t r e a k  p l a t e s  w e re  
made fro m  th e  f o r m a l iz e d  c e l l  s u s p e n s io n s  on  TBA to  d e te r m in e  s t e r i l i t y .  
The v a c c in e  w as s t o r e d  a t  5 C u n t i l  u s e d  f o r  im m u n iz a tio n .
Im m u n iza tio n  P ro c e d u re s
E x p e r im e n ta l  A n im a ls . New Z e a la n d  w h i te  r a b b i t s ,  w e ig h in g  1 . 5 -
2 . 0  k g , w ere  u se d  th r o u g h o u t  t h i s  s tu d y  f o r  th e  p r o d u c t io n  o f  a n t i ­
se ru m . The a n im a ls  w e re  h o u sed  in  w ir e  e n c lo s u r e s  su sp e n d e d  a b o v e  
th e  f l o o r  and w ere  fe d  a p p ro x im a te ly  4 o u n c e s  o f  P u r in a  " r a b b i t
8p e l l e t s "  p e r  d a y . W ater was g iv e n  ad  l i b i t u m .
Serum  C o l l e c t i o n  and P r e a e r v a t io n . P r i o r  t o  im m u n iz a tio n  e a c h  
a n im a l was b le d  v i a  th e  c e n t r a l  e a r  a r t e r y ,  and t h e  c o l l e c t e d  b lo o d  
w as a llo w e d  to  c l o t  a t  room te m p e ra tu r e  f o r  1  h o u r  b e f o r e  b e in g  rim m ed. 
The rim m ed c l o t  w as h e ld  o v e rn ig h t  a t  5 C and  th e  serum  was s e p a r a t e d  
b y  c e n t r i f u g a t i o n  a t  1200 rpm f o r  15 m in u te s  in  a  r e f r i g e r a t e d  
I n t e r n a t i o n a l  c e n t r i f u g e ,  m odel PR-2 ( I n t e r n a t i o n a l  E quipm ent C o . ,  
N eedham , M a s s . ) .  The c l a r i f i e d  se ru m  w as d e c a n te d  and  s to r e d  a t  -5  C 
u n t i l  n e e d e d .
N orm al b o v in e  serum  (NBS) w as c o l l e c t e d  fro m  a  48 h o u r o ld  c a l f  
w hose dam d id  n o t  h av e  any  h i s t o r y  o f  m a s t i t i s .  The serum  was p re p a re d  
i n  a  m anner s i m i l a r  to  t h a t  d e s c r ib e d  a b o v e .
N orm al human serum  (NHS) was o b ta in e d  from  an  in d i v id u a l  w i th  no 
h i s t o r y  o f  S . a u re u s  i n f e c t io n s  ( C o u r te s y  o f  Homer M em orial H o s p i t a l ,  
H om er, L a .)
Im m u n iza tio n  S c h e d u le . The im m u n iz a tio n  s c h e d u le  o f  Cohen and 
O ed in g  (1962) was u sed  f o r  th e  p r o d u c t io n  o f  a n t i -H F -4  serum  i n  r a b b i t s .  
T h re e  s e r i e s  o f  i n j e c t i o n s  o f  th e  w h o le  c e l l  v a c c in e  w ere  u s e d . The 
f i r s t  s e r i e s  c o n s i s t e d  o f  0 .1 ,  0 . 2 ,  a n d  0 .4  m l a l i q u o t s  o f  HF-4 v a c c in e  
i n j e c t e d  on t h r e e  s u c c e s s iv e  d a y s .  A f t e r  a  f i v e  d ay  r e s t  p e r io d  th e  
s e c o n d  s e r i e s  was a d m in is te re d  w h ich  in c lu d e d  0 . 4 ,  0 . 6 ,  and 0 .8  ml 
a l i q u o t  i n j e c t i o n s  on t h r e e  s u c c e s s iv e  d a y s .  The t h i r d  and f i n a l  
s e r i e s  o f  i n j e c t i o n s  w ere  made a f t e r  a  f i v e  day  r e s t  p e r io d  and  
c o n s i s t e d  o f  0 , 8 , 1 . 0 , and 1 . 0  ml a l i q u o t s  i n j e c t e d  on th r e e  s u c c e s ­
s i v e  d a y s .  The r a b b i t s  w ere t e s t  b le d  fo u r  w eeks a f t e r  th e  f i n a l  
i n j e c t i o n  o f  th e  w hole c e l l  a n t ig e n .
9C u l t i v a t i o n  o f  S . a u re u s  f o r  E x t r a c t i o n
The S . a u re u a  c e l l s  u se d  f o r  e x t r a c t i o n  o f  p r o t e i n  A w ere  
c u l tu r e d  in  a  medium d e s ig n a te d  n u t r i e n t  b r o th  p lu s  (N B+). I t  
c o n s i s t e d  o f  N u t r i e n t  B ro th  (D ifc o )  1 6 .0  g ,  NaCl 3 .0  g ,  N a2 HP0 4 * 2  H2 O,
4 .0  g ,  and  g lu c o s e  2 . 0  g  w h ich  w ere  d i s s o lv e d  in  1 0 0 0  m l d i s t i l l e d  
w a te r .  The pH was a d j u s t e d  to  7 .8  w i th  N NaOH f o r  1000 m l q u a n t i t i e s  
o r  w ith  10 N NaOH f o r  10 l i t e r  v o lu m e s .
An i s o l a t e d  c o lo n y  w as p ic k e d  fro m  a  TBA p l a t e  t o  10 m l NB+ 
and  in c u b a te d  f o r  10 h o u rs  a t  37 C and  t h i s  w as th e n  u s e d  to  in o c u la te  
1000 ml o f  NB+. The 1000 m l se e d  c u l t u r e  w as in c u b a te d  a t  37 C f o r  
18 h o u rs  on a  g y r a to r y  s h a k e r  a t  37 C and  u se d  t o  i n o c u l a t e  10 l i t e r s  
o f  NB+. The 10 l i t e r  b a t c h  c u l t u r e s  w ere  grown on a  New B runsw ick  
C o n tin u o u s  C u l tu r e  A p p a ra tu s ,  m odel CF 500 (New B ru n sw ick  In s t r u m e n ts ,  
I n c .  New B ru n sw ic k , N . J . ) ,  f o r  18 h o u rs  a t  37 C w ith  v ig o r o u s  a g i t a ­
t i o n  (300 rpm) and a e r a t i o n .  The c e l l s  w ere  s u b s e q u e n t ly  c o l l e c t e d  
by c e n t r i f u g a t i o n  a t  4 0 ,0 0 0  rpm in  a  s te a m  d r iv e n ,  c o o le d  S h a rp ie s  
S u p e r - C e n t r i f u g e  ( S h a r p ie s ,  W a rm in s te r ,  P a . ) .  The c e l l s  w e re  w e ig h e d , 
w ashed  once  w i th  s a l i n e  and  th e  p e l l e t  s t o r e d  a t  -5  C.
P u r i f i c a t i o n  M ethods
S ephadex  G el P r e p a r a t i o n . S u p er f i n e  g ra d e  S ep h ad ex  G-100 
(P h a rm a c ia  F in e  C h e m ic a ls , I n c . ,  P is c a ta w a y , N. J . )  w as u s e d  i n  th e  
p u r i f i c a t i o n  p r o c e s s .  Tw enty gram s o f  th e  g e l  w ere  su sp e n d e d  in  700 
m l o f  0 .1  M ammonium a c e t a t e  b u f f e r ,  pH 4 .5  and s w o l le n  b y  h e a t in g  in  
a  b o i l i n g  w a te r  b a th  f o r  5 h o u r s .  The s w o lle n  g e l  was c o o le d  to  room 
te m p e ra tu r e  and th e  f i n e  p a r t i c l e s  w e re  rem oved b y  s ip h o n in g  th e  
s u p e r n a ta n t  f l u i d  by a s p i r a t i o n .  Ammonium a c e t a t e  b u f f e r  waB added
10
to  r e s t o r e  th e  volum e to  700 m l and m ixed f o r  15 m in u te s .  The 
s w o lle n  g e l  was a llo w e d  to  s e t t l e ,  fo llo w e d  by a s p i r a t i o n  o f  th e  
s u p e r n a ta n t  f l u i d .  T h is  s te p  was r e p e a te d  f o u r  to  s i x  t im e s ,  o r  u n t i l  
v e r y  few  f i n e  p a r t i c l e s  c o u ld  be  s e e n  i n  t h e  s u p e r n a ta n t  f l u i d  a f t e r  
15 m in u te s  o f  s e t t l i n g .
A f t e r  rem oving  th e  f i n e s ,  a  s l u r r y  o f  th e  S ephadex  g e l  was p re p a re d  
by  th e  a d d i t i o n  o f  300 ml o f  ammonium a c e t a t e  b u f f e r .  The s l u r r y  was 
d e g a s s e d  w ith  a  vacuum  pump and s lo w ly  p o u re d  down a  g l a s s  ro d  i n t o  
a  P ham acia  Type K 26/40 colum n w h ich  c o n ta in e d  a p p ro x im a te ly  50 ml o f  
ammonium a c e t a t e  b u f f e r .  A f lo w  a d a p to r  w as u sed  a t  t h e  b a s e  o f  th e  
co lum n. The e n t i r e  s l u r r y  was p o u red  i n t o  th e  colum n and  th e  a t ta c h e d  
R -26 P h a rm ac ia  E lu a n t  R e s e r v o i r .  The g e l  w as a llo w e d  t o  s e t t l e  by 
g r a v i t y ;  a  f lo w  a d a p t o r ,  w ith  a  fo u r-w a y  v a lv e  (P h a rm a c ia  L V -4 ), was 
a t t a c h e d ,a n d  th e  g e l  w as s u b s e q u e n tly  p ack ed  by  p a s s in g  500 ml o f  
ammonium a c e t a t e  b u f f e r  th ro u g h  th e  colum n a t  a  r a t e  o f  a b o u t 6  m l/h o u r  
w ith  a  c o n s ta n t  h ead  p r e s s u r e  m a in ta in e d  a t  15 cm. Two ml (1 m g/m l) 
o f  B lu e  D e x tra n  2000 waB p a sse d  th ro u g h  th e  odumn to  d e te rm in e  b o th  
th e  p a c k in g  e f f i c i e n c y  and  th e  v o id  vo lum e.
S ephadex  G el C h ro m a to g rap h y . F o llo w in g  th e  ammonium s u l f a t e  
p r e c i p i t a t i o n ,  f r a c t i o n  A4  (F ig u re  1) was c h ro m a to g ra p h e d  on S ephadex  
G -100 . The l y o p h i l i z e d  sam ple (105 mg) was d i s s o lv e d  in  5 ml o f  0 .1  M, 
ammonium a c e t a t e ,  pH 4 .5  (L iv e  and R anu , 1 9 6 8 ) .  T h is  sam ple  was 
e l u t e d  w i th  th e  ammonium a c e t a t e  b u f f e r  and  5 ml f r a c t i o n s  w ere  c o l ­
l e c t e d  on  a  G ils o n  M odel FC-80 F r a c t i o n a t o r  ( G ils o n  M e d ic a l E l e c t r o n i c s ,  
I n c . ,  M id d le to n , W i s e . ) .  T hese  f r a c t i o n s  w ere  a s s a y e d  f o r  a b s o rb a n c e  
a t  280 nm in  a  Beckman DB-GT S p e c tro p h o to m e te r  (Beckman I n s t r u m e n ts ,
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P a lo  A l to ,  C a l i f . ) -  F r a c t i o n s  c o l l e c t e d  u n d e r  e a c h  p e a k  w ere  p o o le d  
and a s s a y e d  by  im m u n o d iffu s io n  a g a in s t  NHS to  d e te rm in e  th e  p re s e n c e  
o f  p r o t e i n  A a c t i v i t y .  A p p ro x im a te ly  t h r e e  v o id  vo lum es w e re  c o l l e c t e d  
a f t e r  th e  f i n a l  p eak  and  th e n  2 ml o f  B lu e  D e x tra n  2000 w as a p p l ie d  to  
th e  colum n and  e l u t e d  t o  a s c e r t a i n  th e  v o id  vo lum e.
DEAE -  C e l lu lo s e  Column P r e p a r a t i o n . D ie th y la m in o e th y l  (DEAE) - 
c e l l u l o s e ,  No. 7 1 , 0 .8 9  m eg/gra, ( S c h le i c h e r  and S c h v e l l ,  I n c . ,  K eene,
N. H .) was u sed  i n  one p u r i f i c a t i o n  s t e p .  F o u r gram s o f  D E A E -ce llu lo se  
pow der w as a llo w e d  to  s e t t l e  in to  260 m l o f  d e io n iz e d  w a te r .  T h is  
w et pow der was th e n  m ixed  f o r  15 m in u te s ,  a llo w e d  t o  s e t t l e  f o r  30 
m in u te s ,  and  th e  s u p e r n a ta n t  f l u i d ,  c o n t a in in g  f i n e s ,  w as a s p i r a t e d .
T h is  s t e p  was r e p e a te d  t h r e e  t im e s ,  o r u n t i l  th e  f i n e s  w ere  r.’im oved.
The w e t c e l l u l o s e  w as th e n  su sp en d ed  i n  260 ml o f  0 .5  N NaOH, 
m ixed  f o r  15 m in u te s ,  a l lo w e d  to  s e t t l e  f o r  60 m in u te s ,  and  th e  s u p e r ­
n a t a n t  f l u i d  rem oved by  a s p i r a t i o n .  T h is  s t e p  was r e p e a te d  t h r e e  tim e s  
in  o r d e r  to rem ove th e  a l k a l i  s o lu b le  s u b s t a n c e s .  The D E A E -c e llu lo se  
was w ashed  w ith  d e io n iz e d  w a te r  u n t i l  t h e  pH r e tu r n e d  t o  n e u t r a l .
The w e t DEAE was t r e a t e d  once w i th  260 ml o f  957, e th a n o l  and  
w ashed f o u r  t im e s  in  d e io n iz e d  w a te r .  The s l u r r y  w as th e n  t r e a t e d  
f o u r  t im e s  w ith  260 m l o f  0 .5  N HC1 by  m ix in g  15 m in u te s ,  s e t t l i n g  
60 m in u te s ,  and  rem ov ing  t h e  s u p e r n a ta n t  f l u i d  by s u c t i o n .  The DEAE- 
c e l l u l o s e  w as w ashed w ith  d e io n iz e d  w a te r  u n t i l  a  n e u t r a l  pH w as a t t a i n e d .
N e x t,  th e  s l u r r y  was a l t e r n a t e l y  w ashed  fo u r  t im e s  w i th  s t a r t i n g  
b u f f e r  ( 0 .0 2  M, pH 7 .2  p h o s p h a te  b u f f e r )  an d  d e io n iz e d  w a te r .  F o llo w in g  
th e  f i n a l  w a sh , 0 . 0 2  M p h o s p h a te  b u f f e r  w as added  to  a  volum e o f  40 m l.
The c le a n e d  D E A E -ce llu lo se  w as d e g a sse d  b y  e v a c u a t io n  w i th  a  vacuum  
pump. The d e g a s s e d  s l u r r y  w as p o u red  down a  g la s s  ro d  i n t o  a  0 .9  x 30
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cm co lum n, P ham acia Type K 9 /3 0 , w h ich  c o n ta in e d  a b o u t 5 ml o f  th e  
0 .0 2  M p h o s p h a te  b u f f e r .  The colum n was p acked  a t  room te m p e r a tu r e .  
F i r s t ,  th e  r e s i n  w as a l lo w e d  t o  s e t t l e  by g r a v i t y ,  and th e n  a b o u t 300 
ml s t a r t i n g  b u f f e r  was p a s s e d  th ro u g h  th e  colum n a t  a  f lo w  r a t e  o f  
a b o u t 25 m l /h o u r .
DEAE -  C e l lu lo s e  Column C h ro m a to g rap h y . F r a c t i o n  A5  ( F ig u re  1) 
c o l l e c t e d  from  th e  S ep h ad ex  G-100 colum n was d ia ly z e d  a g a i n s t  t h r e e  
ch an g es o f  d e io n iz e d  w a te r  o v e r  24 h o u r s ,  l y o p h i l i z e d ,  and  d i s s o lv e d  
in  4 .0  m l o f  0 .0 2  M p h o s p h a te  b u f f e r ,  pH 7 .2 .  A 3 .5  m l a l i q u o t  o f  t h i s  
p r e p a r a t i o n ,  c o n ta in in g  3 9 .4  mg p r o t e i n ,  was g e n t l y  l a y e r e d  on th e  r e s i n  
and  a llo w e d  to  s in k  i n t o  th e  bed  b y  g r a v i t y .  The s id e s  o f  th e  colum n 
w ere  w ashed  tw ic e  w ith  1 .0  m l o f  s t a r t i n g  b u f f e r .  The p r o t e i n  was 
e l u t e d  by a  s te p w is e  a d d i t i o n  o f  p h o sp h a te  b u f f e r  pH 7 .2 :  0 .0 2  M, 0 .0 5
M, 0 .1  M, 0 .2  M, and pH 6 . 8 , 0 .5  M. F iv e  ml f r a c t i o n s  w e re  c o l l e c t e d  
and  a b s o rb a n c e  r e a d  a t  280 nm. The n e x t  h i g h e s t  m o l a r i t y  o f  b u f f e r  
w as added  a f t e r  e a c h  p e a k  h ad  b een  e l u t e d  fro m  th e  co lum n.
A ssay  M ethods
P r o t e i n  D e te r m in a t io n s . P r o t e i n  d e te r m in a t io n s  w ere  done b y  a  
m o d i f i c a t io n  o f  th e  te c h n iq u e  o f  Lowry e t  a l .  (1951 ) f o l lo w in g  eac h  
p u r i f i c a t i o n  s t e p .  The sam p le  to  b e  t e s t e d  w as d i l u t e d  i n  d e io n iz e d  
w a te r  to  a p p ro x im a te ly  0 .1  -  0 .3  mg p r o t e i n /m l .  The r e a g e n t s  u se d  
w ere  a s  f o l l o w s :
Lowry A
Lowry R e a g e n ts  f o r  P r o t e i n  D e te rm in a t io n  
Lowry B
4 g NaoH 
2 0  g Ha2 C0 3  
1 0 0 0  m l d e io n iz e d  w a te r
1 . 0  g sod ium  c i t r a t e  
0 .5  g CuSO^ • 5H20 
1 0 0 0  ml d e io n iz e d  w a te r
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Lowry C Lowry D
50 ml Lowry A : 1 ml Lowry B 1 .0  ml Pheno l R e a g e n t
2 N S o lu t i o n
1 . 0  ml d e io n iz e d  w a te r
R e a g e n ts  C and D w ere  p r e p a r e d  f r e s h l y  f o r  ea c h  d e te rm in a t io n  and 
a  s ta n d a r d  c u rv e  w as made w ith  b o v in e  serum  a lb u m in , f r a c t i o n  IV 
(Sigm a C hem ica l C o .,  S t .  L o u i s ,  M o.) w ith  t r i p l i c a t e  sam p les contain** 
in g  0 . 1 ,  0 . 2 ,  0 .3  m g/m l.
F iv e  ml o f  Lowry C s o l u t i o n  was added  to  1 .0  ml o f  th e  s a m p le , 
m ixed on a  V o r te x  m ix e r  and a l lo w e d  to  s ta n d  f o r  10 m in u te s .  N e x t ,
0 .5  m l o f  Lowry D s o l u t i o n  w as a d d e d , q u ic k ly  m ixed  on a  V o r te x  
m ix e r  and  in c u b a te d  f o r  2 h o u rs  a t  room te m p e r a tu r e .  The sa m p le s  w ere 
r e a d  on a  K le tt-S u m m e rso n  C o lo r im e te r  ( K l e t t  M a n u fa c tu r in g  C o .,  I n c . ,
New Y o rk , N. Y .)  u s in g  f i l t e r  N o. 6 6  (660 n m ). The p r o t e i n  c o n c e n t r a ­
t i o n  o f  e a c h  sam ple  w as c a l c u l a t e d  from  th e  s ta n d a r d  c u rv e .
T m m u n o d iffu s io n : P r e p a r a t i o n  o f  A gar and  S l i d e s . The p ro c e d u re s
u sed  f o r  c o n d u c t in g  th e  im m u n o d iffu s io n  (ID ) a s s a y  w ere  a  m o d i f i c a t io n  
o f  th o s e  p u b l i s h e d  in  t h e  Gelman P am ph le t N o. 75824-A  (Gelman 
In s tru m e n t  C o .,  Ann A rb o r , M ic h . ) .
One b o t t l e  (454 g) o f  S p e c i a l  A gar-N ob le  (D ifc o )  was w ashed 
t h r e e  t im e s  i n  4  l i t e r s  o f  d e i o n iz e d ,  g l a s s  d i s t i l l e d  w a te r .  The w et 
a g a r  was th e n  w ashed  o nce  w i th  1 0 0 0  ml o f  r e a g e n t  g ra d e  a c e to n e ,  th e  
a c e to n e  w as s ip h o n e d  o f f  and t h e  a g a r  a i r  d r i e d  u n d e r  a  d u s t  p ro o f  
c o v e r .  A 1.5% c o n c e n t r a t i o n  o f  a c e to n e  d r i e d  a g a r  was made in  0 .1 0  M 
N aC l, d i s s o lv e d  a t  100 C , and h e l d  i n  an  80 C w a te r  b a th  u n t i l  d is p e n s e d .
S l id e s  u se d  i n  th e  ID a s s a y  w ere  c le a n e d  im m e d ia te ly  p r i o r  to  
u s e .  S l id e s  w ere  w ashed w ith  A lconox  soap  in  warm w a te r ,  r i n s e d
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th o ro u g h ly  w i th  d e io n iz e d  w a te r ,  im m ersed in  d ic h ro m a te  c l e a n in g  
s o l u t i o n  f o r  60 m in u te s ,  r i n s e d  in  c o p io u s  am ounts o f  d e io n iz e d  w a te r ,  
and s to r e d  in  a c e to n e .  The s l i d e s  w ere  rem oved fro m  th e  a c e to n e ,  a i r  
d r i e d  and p la c e d  i n  a  Gelman immuno s l i d e  fra m e . An a d h e s iv e  a g a r  
f i lm  was la y e r e d  o v e r  e a c h  s l i d e  in  th e  f o l lo w in g  m a n n e r: two to  t h r e e
d ro p s  o f  m o lte n  0.17, n o b le  a g a r  w ere  p i p e t t e d  t o  e a c h  row o f  t h r e e  
s l i d e s  and  th e n  s p re a d  e v e n ly  a c r o s s  th e  s u r f a c e  o f  each  s l i d e  w i th  
a  m ic ro p o ro u s  w ic k . The f i l m  was a l lo w e d  to  d ry  f o r  a t  l e a s t  15 
m in u te s  b e f o r e  th e  fram e was p la c e d  on a  l e v e l i n g  t a b l e .  T w elve ml o f  
m o lte n  1.5% n o b le  a g a r  was p i p e t t e d  o v e r  eac h  row  o f  t h r e e  s l i d e s .
Immunod i f  f u s  io n  A ssa y . T h re e  s e t s  o f  g e l  pun ch  p a t t e r n s  w ere  
u s e d : Gelman d i e  No. 72410 , c i r c u l a r  p a t t e r n s ,  d i e  72409 , p a r a l l e l
ro w s, and  d i e  71 6 3 9 , c e n t e r  t r o u g h s .  When th e  c i r c u l a r  punch p a t t e r n  
was u s e d ,  th e  w e l l s  w ere  5 .0  mm a p a r t .  The p a r a l l e l  w e l l  punch p a t t e r n ,  
w i th  a  c e n t e r  t r o u g h ,  gave w e l l s  2 .5  mm from  th e  2 .0  mm d ia m e te r  
t ro u g h . A l l  w e l l s  w ere  2 .0  mm i n  d ia m e te r .
The p r e c i p i t a t i o n  o f  NHS by p r o t e i n  A p r e s e n t  in  th e  v a r io u s  
f r a c t i o n s  o b ta in e d  d u r in g  th e  p u r i f i c a t i o n  p ro c e d u re  was a s s a y e d  b y  a  
m o d i f i c a t io n  o f  th e  te c h n iq u e  d e s c r ib e d  by  L o f k v i s t  and S j o q u i s t  
(1 9 6 3 ) . The v a r io u s  f r a c t i o n s ,  Aj th ro u g h  Ag, an d  NHS w ere  d i l u t e d  in  
s a l i n e .  The p r o t e i n  c o n c e n t r a t i o n  f o r  th e  s i x  f r a c t i o n s  wa3 3 .7 5  mg/ml 
in  a l l  a s s a y s  p e rfo rm e d  a g a i n s t  NHS. L o f k v i s t  and  S jo q u i s t  (1963) 
u se d  1 mg p r o te in /m l  in  t h e i r  a s s a y s .  In  t h i s  s tu d y  i n c o n s i s t e n t  
r e s u l t s  w ere  o b ta in e d  when 1 .0  m l sam p le s  w ere  u s e d ,  t h e r e f o r e ,  3 .7 5  
mg/ml was u s e d .  T w o -fo ld  d i l u t i o n s  o f  e a c h  f r a c t i o n  w ere  made in  
th e  s a l i n e  and  1 0  Ml vo lum es o f  e a c h  d i l u t i o n  w e re  c a r e f u l l y  i n t r o ­
duced  in t o  r e p r e s e n t a t i v e  w e l l s  u s in g  a  50 Ml H a m ilto n  s y r in g e
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(H am ilto n  C o ., W h i t t i e r ,  C a l i f . ) .  The c e n t e r  w e l l  was f i l l e d  w ith  
150 ill. o f  a  1 :2  d i l u t i o n  o f  NHS. The ID s l i d e s  w e re  in c u b a te d  in  a 
h u m id ity  cham ber a t  room te m p e ra tu re  f o r  24 h o u rs  and th e n  in c u b a te d  
a t  5 C f o r  an  a d d i t i o n a l  24 h o u rs  b e f o r e  p r e c i p i t i n  l i n e s  w ere  r e a d .
T o ta l  and s p e c i f i c  a c t i v i t i e s  w ere  c a l c u l a t e d  by  th e  m ethod 
r e p o r te d  by L o f k v i s t  and  S jo q u i s t  (1 9 6 3 ) . The t o t a l  a c t i v i t y  i s  
d e te rm in e d  b y  th e  e q u a t io n :  d i l u t i o n  X volum e o f  u n d i lu te d  p r o t e i n  A.
S p e c i f i c  a c t i v i t y  i s  e x p re s s e d  a s  d i l u t i o n  c o e f f i c i e n t /m g  p r o t e i n  p e r  
m l.
F o r  p h o to g ra p h ic  p u rp o s e s  th e  s l i d e s  w ere  s t a i n e d  b y  a  m o d i f i ­
c a t i o n  o f  th e  p r o to c o l  o u t l i n e d  b y  th e  Gelman p a m p h le t.  T he s l i d e s  
w ere  r i n s e d  f o r  6  h o u rs  in  1% N aC l, fo llo w e d  b y  a  seco n d  r i n s e  o f  16 
h o u rs  w i th  1% N aC l, and f i n a l l y  r i n s e d  in  d e io n iz e d  w a te r  f o r  1 h o u r .  
S l id e s  w ere  s t a i n e d  f o r  5 m in u te s  w i th  1% B u f f a lo  B la c k  NBR ( A l l i e d  
C hem ical C o .,  M o rr is to w n , N. J . )  d i s s o lv e d  in  r i n s i n g  s o l u t i o n :
a b s o lu t e  m e th a n o l:  c o n c e n t r a te d  a c e t i c  a c i d :  d e io n iz e d  w a te r ,  a t  a
r a t i o  o f  4 5 :1 0 :4 5 .  The s t a i n e d  s l i d e s  w are w ashed  fo u r  t im e s ,  f o r  10 
m in u te s  e a c h ,  i n  th e  r i n s i n g  s o l u t i o n .
A d d i t io n a l  Im m u n o d iffu s io n  A s s a y s . V a rio u s  f r a c t i o n s  o b ta in e d  
d u r in g  th e  p u r i f i c a t i o n  p ro c e s s  w ere  t e s t e d  f o r  p r e c i p i t a t i o n  a c t i v i t y  
a g a i n s t  no rm al b o v in e  serum  (NBS) and  no rm al r a b b i t  serum  (NRS) by  th e  
ID  a s s a y  d e s c r ib e d  ab o v e . The t i t e r s  o f  th e  d i f f e r e n t  f r a c t i o n s  a g a i n s t
r a b b i t  a n t i-H F -4  w ere  d e te rm in e d  by th e  ID te c h n iq u e .
P u r i f i c a t i o n  S te p s
The p r o to c o l  em ployed f o r  th e  e x t r a c t i o n  and  p a r t i a l  p u r i f i c a t i o n  
o f  p r o t e i n  i s  p i c tu r e d  in  F ig u r e  1 .
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H eat E x t r a c t i o n . F ro z e n  HF-4 c e l l s  w ere  thaw ed a t  5 C and th e n  
h e a t  e x t r a c te d  a c c o rd in g  to  th e  m ethod  d e s c r ib e d  by  J e n s e n  (1 9 5 8 ) .
C e l l s  w ere  su sp en d ed  In  0 .1 5  M p h o s p h a te  b u f f e r ,  pH 5 . 9 .  The c e l l  
s u s p e n s io n  was p la c e d  In  a  b o i l i n g  w a te r  b a th  f o r  60 m in u te s ,  c h i l l e d  
to  5 C in  an ic e  b a t h ,  and th e n  se d im e n te d  a t  2 ,7 5 0  x  g (6 ,5 0 0  rpm) 
f o r  30  m in u te s  in  S o r v a l l  RC-2B c e n t r i f u g e  (GSA c e n t r i f u g e  h e a d , Ivan  
S o r v a l l ,  I n c . ,  N ew ton, C o n n ). The s u p e r n a ta n t  f l u i d  w as c o l l e c t e d  and 
r e c e n t r i f u g e d  a t  6 ,5 0 0  f o r  a n  a d d i t i o n a l  30 m in u te s  and  s u b s e q u e n t ly  
d e s ig n a te d  f r a c t i o n  A^.
A cid  P r e c i p i t a t i o n . The y e llo w  c o lo re d  s u p e r n a ta n t  f l u i d  was 
d e c a n te d  and 0 .1  N HC1 was added  d ro p w is e ,  w ith  s low  m ix in g ,  u n t i l  a  
pH o f  3 .5  was r e a c h e d .  T h is  s t e p  w as p e rfo rm e d  a t  5 C . The r e s u l t i n g  
p r e c i p i t a t e  was s e d im e n te d  by c e n t r i f u g a t i o n  a t  a b o u t 1 0 , 0 0 0  x  g f o r  
60 m in u te s  in  a  S o r v a l l  RC-2B c e n t r i f u g e .  The se d im e n t w as d i s s o lv e d  
in  0 .1  M p h o sp h a te  b u f f e r ,  pH 5 .9  ( f r a c t i o n  A3 ) .  The s u p e r n a ta n t  f l u i d  
was d e c a n te d  and th e  pH was a d ju s t e d  t o  7 .0  w ith  N NaOH ( f r a c t i o n  A2 ) , 
and  was u se d  f o r  f u r t h e r  p u r i f i c a t i o n .
Ammonium S u l f a t e  F r a c t i o n a t i o n . S o l id  ammonium s u l f a t e  was added  
s lo w ly  to  f r a c t i o n  A2  t o  a c h ie v e  80% s a t u r a t i o n  (561 g /1 )  and  g e n t ly  
s t i r r e d  f o r  one h o u r a t  5 C. The r e s u l t i n g  p r e c i p i t a t e  was c o l l e c t e d  
by c e n t r i f u g a t i o n ,  a t  1 0 , 0 0 0  x  g ,  f o r  60 m in u te s  and w as th e n  d i s s o lv e d  
in  d e io n is e d  w a te r ,  d i a ly z e d  a g a i n s t  t h r e e  changes o f  d e io n iz e d  w a te r  
o v e r  a  24 h o u r  p e r io d  a t  5 C, and th e n  ly o p h i l i z e d  ( f r a c t i o n  A4 ) .
S ephadex  Gel C h ro m a to g rap h y . L y o p h i l iz e d  f r a c t i o n  A4  was 
d i s s o lv e d  in  5 ml 0 .1  M ammonium a c e t a t e  b u f f e r  pH 4 . 5 .  F r a c t i o n  A4  
was a p p l ie d  to  a  S ep h ad ex  G-100 colum n e q u i l i b r a t e d  w i th  th e  same
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b u f f e r ,  and  e l u t e d  a t  a  f lo w  r a t e  o f  6  m l p e r  h o u r .  F iv e  ml f r a c t i o n s  
w ere  c o l l e c t e d  d ro p w ise  w i th  a  G ils o n  M ic r o - F r a c t io n a t o r ,  M odel F C -80 .
Each f r a c t i o n  was a s s a y e d  a t  280 nm in  a  Beckman DB-GT S p e c tro p h o to m e te r .  
F r a c t i o n s  u n d e r  p eak s  w h ich  d e m o n s tra te d  280 nm a b s o rb a n c y  w ere  p o o le d  
and a s s a y e d  b y  th e  im m u n o d iffu s io n  a s s a y  a g a i n s t  NHS. The p eak  w ith  
a c t i v i t y  was u se d  f o r  f u r t h e r  p u r i f i c a t i o n  ( f r a c t i o n  A5 ) .
DEAE -  C e l lu lo s e  C h ro m a to g rap h y . F r a c t i o n  A5  was d ia ly z e d  a g a i n s t  
t h r e e  ch an g es  o f  d e io n iz e d  w a te r  o v e r  24 h o u rs  and  l y o p h i l i z e d .  The 
sam ple w as d i s s o lv e d  in  3 .5  m l o f  0 .0 2  M p h o s p h a te  b u f f e r ,  pH 7 .2 ,  and 
a p p l ie d  t o  a  DEAE colum n ( 0 .9  x 10 cm ), e q u i l i b r a t e d  w i th  th e  same 
b u f f e r .  The sa m p le , w h ich  c o n ta in e d  30 mg o f  p r o t e i n ,  was e lu te d  
s te p w is e  w ith  pH 7 .2  p h o s p h a te  b u f f e r :  0 .0 2  M, 0 .0 5  M, 0 .1  M, 0 .2  M,
and pH 6 . 8 , 0 .5  M p h o s p h a te  b u f f e r .  F iv e  ml f r a c t i o n s  w ere  c o l l e c t e d  
on a  M odel FC-80 G ils o n  M ic r o - F r a c t io n a to r  a t  a  f lo w  r a t e  o f  a b o u t 
25 m l /h o u r .  A bso rbancy  was m o n ito re d  a t  280 nm w ith  a  Beckman DB-GT 
S p e c tro p h o to m e te r .  The b u f f e r  was chan g ed  to  th e  n e x t  h ig h e s t  m o l a r i t y  
a f t e r  ea c h  p e a k  was e l u t e d  from  th e  co lum n . The f r a c t i o n s  c o l l e c t e d  u n d e r  
eac h  p eak  w ere  p o o le d  and a s s a y e d  by  th e  im m u n o d iffu s io n  te c h n iq u e  
a g a i n s t  NHS, The peak  c o n ta in in g  p r e c i p i t i n  a c t i v i t y  was d e s ig n a te d  
f r a c t i o n  Ag and t h i s  f r a c t i o n  w as c o n s id e re d  to  b e  p r o t e i n  A a s  p u r i f i e d  
a c c o rd in g  t o  th e  m ethods o f  L iv e  and  R anu (1 9 6 8 ) .
P h y s ic a l  and  C hem ical M ethods
P o ly a c ry la m id e  d i s c  g e l  e l e c t r o p h o r e s i s  was c o n d u c te d  a s  d e s c r ib e d  
by D av is  (1964) and  O r n s te in  (1 9 6 4 ) . The f r a c t i o n s  t e s t e d  w ere  p la c e d  
in  40% s u c r o s e  in s t e a d  o f  3% a c r y la m id e ,  a t  th e  f o l lo w in g  p r o t e i n  
c o n c e n t r a t i o n s :  f r a c t i o n  A i-476  n g ,  and  f r a c t i o n  A ^-375 n g . A
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B eckm an-S pinco  C o n s ta t  R e g u la te d  Power S u p p ly  (Beckman I n s t r u m e n ts ,
I n c . ,  P a lo  A l to ,  C a l i f . )  w as u se d  to  p ro v id e  4 m a /g e l .  B rom phenol 
b lu e  was em ployed a s  th e  t r a c k in g  d y e . E l e c t r o p h o r e s i s  was p e rfo rm e d  
f o r  60 m in u te s  and th e  g e l s  w ere  th e n  s t a i n e d  w ith  1% am ido b la c k  10B 
( i n  7% a c e t i c  a c id )  f o r  10 m in u te s  i n  20 x  125 mm sc rew  cap  tu b e s .
The g e l s  w ere  d e s ta in e d  in  7% a c e t i c  a c id  by s h a k in g  o v e r  n i g h t  on a 
r e c i p r o c a t i n g  s h a k e r ,  and  th e  a c e t i c  a c i d  was changed  s e v e r a l  tim e s  
d u r in g  th e  d e s t a i n i n g  p r o c e s s .
Sodium  D odecy l S u l f a t e  G el E l e c t r o p h o r e s i s . Sodium  d o d e c y l 
s u l f a t e  (SDS) g e l  e l e c t r o p h o r e s i s  w as c a r r i e d  o u t  on f r a c t i o n  A$
(375 ng) a c c o rd in g  t o  th e  m ethods o f  D unker and  R u eck e r (1 9 6 9 ) .  In  
o r d e r  to  e s t i m a t e  th e  m o le c u la r  w e ig h t  o f  th e  p r o t e i n  A, t h r e e  s ta n d a r d s  
(60  ng  e a c h )  w ere  u se d  i n  d i f f e r e n t  g e l s  ru n  in  p a r a l l e l .  Lysozym e 
(S igm a C hem ical C o .,  S t .  L o u i s ,  M o .) , m o le c u la r  w e ig h t (nrw) 1 4 ,3 0 0  
and  o v a lb u m in  (P h a rm a c ia ) ,  mw 4 3 ,0 0 0  w e re  ru n  b y  c o e l e c t r o p h o r e s i s  and 
y e a s t  a lc o h o l  d e h y d ro g e n a se  ( N u t r i t i o n a l  B io c h e m ic a l C o .,  I n c . ,  
C le v e la n d ,  O h io ) ,  mw 3 7 ,0 0 0  w as e l e c t r o p h o r e s e d  in  a  s e p a r a t e  g e l .
A Beckman power su p p ly  was em ployed t o  p ro v id e  6  m a /tu b e ,  an d  brom ­
p h e n o l b lu e  w as a g a in  u s e d  a s  th e  i n d i c a t o r  m a rk e r .
F o llo w in g  a  5 h o u r e l e c t r o p h o r e s i s  ru n  th e  g e l s  w ere  s t a i n e d  w i th
0.02%  C oom assie  b r i l l a n t  b lu e  R250 ( i n  50% m e th a n o l and c o n c e n t r a te d  
a c e t i c  a c i d ,  4 5 4 :4 6 )  o v e r n ig h t ,  and th e n  d e s ta ln e d  w ith  m e th a n o l:  
a c e t i c  a c i d : d i s t i l l e d  w a te r  (5 0 :7 5 :8 7 5 )  on a  r e c i p r o c a t i n g  s h a k e r  f o r  
a p p ro x im a te ly  24 h o u r s .  The d e s t a i n i n g  s o l u t i o n  was changed  f r e q u e n t l y .
Amino A cid  A n a ly s i s . D u p lic a te  p r o t e i n  A sam p les  (1  mg) w ere  
h y d ro ly z e d  w ith  2 ml o f  c o n s ta n t  b o i l i n g  HC1 a t  110 C in  s e a le d
e v a c u a te d  h y d r o ly s is  tu b e s  f o r  48 h o u r s .
The sam ples w ere  a n a ly z e d  by th e  m ethods o f  Meachum, C o lv in ,  and  
B raym er (1971) u s in g  a  S p in c o  120C am ino a c id  a n a ly z e r  (Beckman 
In s t r u m e n ts  C o .,  P a lo  A l to ,  C a l i f . ) .
F ig u r e  1 O u tl in e  o f  p ro c e d u re s  u sed  to  p u r i f y  p r o t e i n  A from  
S ta p h v lo c o c c u s  a u r e u s . HF-4.
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S ta p h y lo c o c c u s  a u r e u s ,  HF-4
206 g c e l l /  405 ml 0 .1 5  p h o s p h a te  b u f f e r
pH 5 .9
1 . h e a t  e x t r a c t i o n  100 C,
60 m in u te s
2 . c e n t r i f u g e  2 ,7 5 0  x  g ,
30 m in u te s
1
S ed im en t
i
S u p e r n a ta n t  f l u i d  ( f r a c t i o n  A j)
D is c a rd 405 ml
1 .  a d j u s t  to  pH 3 .5  a t  5 C
2 . c e n t r i f u g e  1 0 , 0 0 0  x  g ,  
30 m in u te s
I__ r .
S ed im en t 
( f r a c t i o n  A3 )
S u p e rn a ta n t  f l u i d  ( f r a c t i o n  A2 )
1 . a d j u s t  to  pH 7 .0
d ia ly z e  a g a i n s t  d e io n iz e d  w a te r  
l y o p h i l i z e
d i s s o l v e  w i th  50 ml p h o s p h a te  b u f f e r ,  0 .1  M 
pH 7 .0
80% ammonium s u l f a t e  p r e c i p i t a t i o n  
60 m in u te s  a t  5 C 







S u p e r n a ta n t  f l u i d  -  d i s c a r d
T
P r e c i p i t a t e
1 . d i s s o l v e  i n  d e io n iz e d  w a te r
2 . d i a ly z e  a g a i n s t  d e io n iz e d  w a te r
3 .  l y o p h i l i z e ,  d i s s o l v e  i n  5 .0  m l,
0 .1  M ammonium a c e t a t e ,  pH 4 .5
4 .  c h ro m a to g ra p h  on S ephadex  G-100 colum n
f r a c t i o n s  u n d e r  280 nm a b s o rb a n c e  p eak s
1 . ID a g a i n s t  NHS
peak  w ith  p r e c i p i t i n  a c t i v i t y  d ia ly z e d  a g a i n s t  
d e io n iz e d  w a te r
l y o p h i l i z e d ,  d i s s o lv e d  i n  3 .5  m l 0 .0 2  M p h o sp h a te  
b u f f e r ,  pH 7 .2  ( f r a c t i o n  A5 )
I
1 .  DEAE -  c e l l u l o s e
s te p w is e  e l u t i o n  w i th  p h o sp h a te  b u f f e r  
a s s a y e d  a g a i n s t  NHS b y  ID 
p e a k  w ith  a c t i v i t y  d i a ly z e d  a g a in s t  
d e io n iz e d  w a te r  
l y o p h i l i z e d ,
d i s s o lv e d  w i th  8 . 0  ml o f  0 . 0 2  M p h o s p h a te  









E x t r a c t i o n  and  P u r i f i c a t i o n  P ro c e d u re s
The y e l lo w is h  s u p e r n a ta n t  f l u i d ,  f r a c t i o n  Aj_, o b ta in e d  a f t e r  
c e n t r i f u g a t i o n  o f  th e  h e a t  e x t r a c t e d  S.. a u r e u s , HF-4 c e l l s ,h a d  a 
pH o f  6 . 8 . The p r o t e i n  c o n c e n t r a t i o n  w as 4 .7 6  mg/ml (T a b le  1 ) and 
e x h i b i t e d  a  s p e c i f i c  a c t i v i t y  o f  0 ,2 7  (T a b le  2) a s  d e te rm in e d  by th e  ID 
a s s a y  a g a i n s t  NHS.
F r a c t i o n  A2 , th e  s u p e r n a ta n t  f l u i d  c o l l e c t e d  a f t e r  HC1 p r e c i p i ­
t a t i o n ,  Bhowed a  p r o t e i n  c o n c e n t r a t i o n  o f  7 .5  mg/ml (T a b le  1 ) and a 
s p e c i f i c  a c t i v i t y  o f  0 .5 3  (T a b le  2 ) .  The r e c o v e ry  o f  p r o t e i n  was 
19.4%  w i th  a  tw o - fo ld  p u r i f i c a t i o n .  L o f k v i s t  and  S jo q u i s t  (1963) 
r e p o r te d  t h a t  t r e a tm e n t  o f  c e l l s ,  d i s i n t e g r a t e d  by  an  X - p r e s s ,  
w i th  0 .1  N HC1 p ro d u ced  an  e i g h t - f o l d  p u r i f i c a t i o n  and  50-60% r e c o v e ry .  
The d i s c r e p a n c y  b e tw een  t h e i r  o b s e r v a t io n  and  th e  r e s u l t s  o f  t h i s  
i n v e s t i g a t i o n  may b e  e x p la in e d  b y  th e  d i f f e r e n t  e x t r a c t i o n  te c h n iq u e s  
u se d  and  th e  p o s s i b l e  d i f f e r e n c e s  b e tw ee n  b o v in e  p r o t e i n  A and t h a t  
o f  human B t r a in s  o f  S^ . a u r e u s . S ta p h y lo c o c c u s  a u r e u s , H F-4 , c e l l s  w ere  
h e a t  e x t r a c t e d  in  0 .1 5  M p h o s p h a te  b u f f e r ,  w h e reas  L o f k v i s t  and S jo q u i s t  
d i s i n t e g r a t e d  S_. a u r e u s , Cowan I ,  and e x t r a c t e d  w i th  d i s t i l l e d  w a te r  
a t  5 C p r i o r  t o  t r e a tm e n t  o f  th e  s u p e r n a ta n t  f l u i d  w i th  HCl.
The ammonium s u l f a t e  p r e c i p i t a t e  ( f r a c t i o n  A4 ) e x h i b i t e d  a  
p r o t e i n  c o n c e n t r a t i o n  o f  2 1 .0  mg/ml (T a b le  1) and a  s p e c i f i c  a c t i v i t y  
o f  1 .0 7  (T a b le  2 ) .  T h is  s t e p  y ie ld e d  a  tw o - fo ld  p u r i f i c a t i o n  o f  th e  
a c id  t r e a t e d  s u p e r n a ta n t  f l u i d  w h ich  a g re e s  w i th  t h e  tw o - fo ld  p u r i f i ­
c a t i o n  o b s e rv e d  by  L o f k v i s t  and  S jo q u i s t  (1 9 6 3 ) .  H ow ever, a  r e c o v e ry
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o£ o n ly  287. was o b ta in e d  in  t h i s  s tu d y  w h i le  L o f k v i s t  and S jo q u i s t  
r e p o r t e d  a p p ro x im a te ly  807, r e c o v e ry  o f  th e  p r o t e i n  b y  ammonium s u l f a t e  
p r e c i p i t a t i o n .  T h is  d i f f e r e n c e  i n  r e c o v e ry  c o u ld  b e  e x p la in e d  b y  th e  
d i f f e r e n c e  i n  p r o t e i n  c o n c e n t r a t i o n  o f  th e  m a t e r i a l  w hich  was p r e c i p i ­
t a t e d .  The HF-4 f r a c t i o n  A2  h ad  a  p r o t e i n  c o n c e n t r a t i o n  o f  7 .5  mg/ml 
and  th e  f r a c t i o n  p r e c i p i t a t e d  by  ammonium s u l f a t e  by L o f k v i s t  and  S jo q u i s t  
(1963) had a  c o n c e n t r a t i o n  o f  a b o u t 30 m g/m l. W ith in  c e r t a i n  l i m i t s ,  
th e  h ig h e r  th e  p r o t e i n  c o n c e n t r a t i o n  th e  g r e a t e r  th e  e f f i c i e n c y  o f  
r e c o v e ry  a f t e r  ammonium s u l f a t e  p r e c i p i t a t i o n .  The e l u t i o n  p a t t e r n  o f  
f r a c t i o n  A4  when p a s se d  th ro u g h  S ephadex  G -100 w i th  0 .1  M ammonium 
a c e t a t e ,  pH 4 .5  i s  p r e s e n te d  i n  F ig u r e  2 . Two p e a k s  w ere  e l u t e d .
The f i r s t  and  m a jo r  p e a k  h ad  a  s h o u ld e r  f o l lo w in g  th e  ap e x  o f  t h e  280
nm a b s o rb a n c e  p e a k . F r a c t i o n s  com posing th e  seco n d  p eak  h ad  280 nm
a b s o rb a n c e  r e a d in g  o f  l e s s  th a n  1 . 0 ,  and ID a s s a y  o f  th e s e  p o o le d  
f r a c t i o n s  in  th e  seco n d  p eak  a g a i n s t  NHS showed no p r e c i p i t i n  r e a c t i o n .  
F r a c t i o n s  o f  th e  i n i t i a l  p eak  d id  p ro d u c e  a  p r e c i p i t i n  r e a c t i o n  
a g a i n s t  NHS by ID and  th e s e  p o o le d  f r a c t i o n s  w e re  d e s ig n a te d  f r a c t i o n  
A5 . F r a c t i o n  A5  h ad  a  s p e c i f i c  a c t i v i t y  o f  2 .1 3  (T a b le  2 ) .  A tw o­
f o l d  p u r i f i c a t i o n  and  a p p ro x im a te ly  a  387. r e c o v e r y  was o b ta in e d  b y  t h i s  
p u r i f i c a t i o n  s t e p .  The ammonium s u l f a t e  p r e c i p i t a t e  o f  L o f k v i s t  and 
S j o q u i s t  (1963) s e p a r a te d  i n t o  f o u r  p eak s  when c h ro m a to g rap h ed  th ro u g h  
S ep h ad ex  G-100 w i th  0 .1  M ammonium a c e t a t e ,  pH 4 . 4 .  P r o te in  A a c t i v i t y  
w as l o c a l i z e d  i n  th e  f i r s t  two p e a k s  e l u t e d .  T h ese  two i n v e s t i g a t o r s
u se d  a  f lo w  r a t e  o f  30 m l/h o u r  a s  opposed  t o  a  f lo w  r a t e  o f  6  m l/h o u r
u se d  i n  t h i s  s tu d y .  The s lo w e r  f lo w  r a t e  may a c c o u n t f o r  th e  s p l i t t i n g  
o f  th e  f i r s t  p e a k , p ro d u c in g  a p p e a ra n c e  o f  a  s h o u ld e r .  T h is  s h o u ld e r
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T a b le  1 . P r o t e i n  d e t e r m in a t io n  d a t a  f o r  th e  p u r i f i c a t i o n  f r a c t i o n s
F r a c t i o n Volume P r o te i n
c o n c e n t r a t i o n
T o ta l
p r o t e i n
ml mg /m l mg
Al 405 4 .7 6 1 9 2 7 .8
^ 2 50 7 .5 3 7 5 .0
A4 5 2 1 1 0 5 .0
a 5 3 .5 1 1 .2 5 3 9 .4
A6 8 3 .7 5 3 0 .0
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T a b le  2 .  R e s u l t s  o f  im m u n o d iffu s io n  p r e c i p i t i n  r e a c t i o n s  o f  eac h  
f r a c t i o n  a g a i n s t  a  1 :2  d i l u t i o n  o f  n o rm al human serum
F ra c tio n ® T i t e r b T o ta l
a c t i v i t y 0
S p e c i f i c
a c t i v i t y ^
Al 0 405 0 .2 7
a2 2 100 0 .5 3
A4 4 20 1 .0 7
a5 8 28 2 .1 3
H 16 128 4 .2 7
aEach f r a c t i o n was d i l u t e d  w ith 0 .1 5  M N aC l. U n d ilu te d  f r a c t i o n s
c o n ta in e d  3 .7 5  m g/m l p r o t e i n .  >
R e c ip r o c a l  o f  th e  g r e a t e s t  d i l u t i o n  o f  t h e  f r a c t i o n  ’Which e x h i b i t e d  
a  v i s i b l e  p r e c i p i t i n  r e a c t i o n  w i th  no rm al human serum*
cT o ta l  a c t i v i t y  = d i l u t i o n  x  volum e o f  u n d i l u te d  p r o t e i n  A.
^ S p e c i f i c  a c t i v i t y  = t o t a l  a c t i v i t y  p e r  t o t a l  vo lum e o f  u n d i lu te d  
p r o t e i n  A x  rag p r o t e i n  p e r  m l.
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r e g io n  m ig h t c o r re s p o n d  to  th e  seco n d  p eak  o b se rv e d  b y  L o f k v i s t  and 
S jo q u i s t  (1963) w h ich  a l s o  had  a  p r o t e i n  A a c t i v i t y  a g a i n s t  NHS a s  
d id  th e  s h o u ld e r  f r a c t i o n  on th e  e l u t i o n  p a t t e r n  s e e n  in  F ig u re  2. 
L o f k v i s t  and S jo q u i s t  (1963) r e p o r te d  t h a t  t h i s  s t e p  p ro d u ced  a  t h r e e ­
f o ld  p u r i f i c a t i o n  and  a lm o s t q u a n t i t a t i v e  r e c o v e r y ,  w h e reas  L iv e  and 
Ranu (1968) o b se rv e d  a  1 .5 - f o l d  p u r i f i c a t i o n  by g e l  f i l t r a t i o n  th ro u g h  
S eph ad ex  G-100 and  a l s o  had  a  n e a r  q u a n t i t a t i v e  r e c o v e ry .  The tw o - fo ld  
p u r i f i c a t i o n  o b ta in e d  i n  t h i s  s tu d y  a g r e e s  w ith  t h a t  n o te d  b y  L o f k v i s t  
and S j o q u i s t  (1963) and  L iv e  and  Ranu (1 9 6 8 ) ,  b u t  o n ly  a  37.5%  re c o v e ry  
was o b ta in e d  w h ich  i s  much lo w e r th a n  th e s e  two g ro u p s  o b ta in e d .  The 
s i z e  o f  th e  S ephadex  colum n u se d  in  t h i s  s tu d y  may b e  one e x p la n a t io n  
o f  th e  low  y i e l d .  The colum n may h a v e  b e e n  to o  l a r g e  f o r  th e  lo a d  
o f  f r a c t i o n  A4  u s e d .
F r a c t i o n  A5  was s u b s e q u e n tly  ch ro m a to g rap h ed  on D E A E -ce llu lo se  
a c c o rd in g  to  th e  te c h n iq u e  o f  L iv e  and  Ranu (1 9 6 8 ) . The p a t t e r n  o b ta in e d  
by  s te p w is e  e l u t i o n  i s  i l l u s t r a t e d  i n  F ig u r e  3 .  The o n ly  p eak  w hich  
d e m o n s tra te d  p r o t e i n  A a c t i v i t y  a g a i n s t  NHS was e l u t e d  w i th  0 .0 2  M 
p h o s p h a te  b u f f e r ,  pH 7 .2 .  The f r a c t i o n s  u n d e r  t h i s  p e a k  w ere  p o o le d ,  
c o n c e n t r a te d  b y  l y o p h i l i z a t i o n  and d i s s o lv e d  in  8  m l o f  0 . 0 2  M p h o s­
p h a te  b u f f e r ,  pH 7 .2  ( f r a c t i o n  A g ). F r a c t i o n  Ag h ad  a  s p e c i f i c  
a c t i v i t y  o f  4 .2 7  (T a b le  2) and r e p r e s e n t e d  a p p ro x im a te ly  a  1 6 - f o ld  
p u r i f i c a t i o n  when com pared to  th e  a c t i v i t y  o f  c ru d e  p r o t e i n  A 
( f r a c t i o n  A i) and tw o - fo ld  p u r i f i c a t i o n  o f  f r a c t i o n  A5 . R eco v e ry  
was a b o u t 76%. T h is  m a t e r i a l  was c o n s id e r e d  p u r i f i e d  p r o t e i n  A and 
u se d  f o r  f u r t h e r  c h a r a c t e r i z a t i o n  s t u d i e s .
L iv e  and Ranu (1968) r e p o r t e d  t h a t  D E A E -ce llu lo se  ch ro m a to g rap h y
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F ig u r e  2 .  A bsorbance a t  280 nm o f f r a c t i o n s  e l u t e d  from  a  S ephadex  
G-100 colum n w ith  0 .1  M ammonium a c e t a t e ,  pH 4 .5 .
  F r a c t i o n s  p r e c i p i t a t e d  by  NHS an d  f u r t h e r  p u r i f i e d .
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F r a c t i o n  N u m b e r  ( 5 m l  e a c h )
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F ig u r e  3 A b so rb an ce  a t  280 ran o f  f r a c t i o n s  c o l l e c t e d  from  DEAE- 
c e l l u l o s e  colum n by  s te p w is e  e l u t i o n  w i th  pH 7 .0  p h o s p h a te  
b u f f e r :  0 .0 2  M, 0 .0 5  M, 0 .1  M, 0 .2  M, and pH 6 . 8 , 0 .5  M.
  F r a c t io n s  p r e c i p i t a t e d  b y  NHS.


































o f  th e  m a t e r i a l  e l u t e d  from  S ephadex  G-100 p ro d u ced  a  1 . 5 - f o l d  
p u r i f i c a t i o n  w ith  a b o u t 90% r e c o v e ry .  The 76% re c o v e ry  o b ta in e d  in  
t h i s  s tu d y  i s  in  c l o s e  ag ree m en t w i th  th e s e  d a t a .  The 1 . 5 - f o l d  
p u r i f i c a t i o n  r e p o r t e d  b y  L iv e  and  Ranu i s  c lo s e  to  th e  2 .0 - f o l d  p u r i ­
f i c a t i o n  o f  f r a c t i o n  A5  o b ta in e d  i n  t h i s  s tu d y  by D E A E -ce llu lo se  
c h ro m a to g ra p h y .
S e r o lo g i c a l  S tu d ie s
The r e s u l t s  o f  th e  im m u n o d iffu s io n  a s s a y  p e rfo rm e d  w ith  th e  
d i f f e r e n t  f r a c t i o n s  (3 .7 5  m g/m l) a g a i n s t  a  1 :2  d i l u t i o n  o f  NHS in  
s a l i n e  a r e  p r e s e n te d  in  T ab le  2 . The p r e c i p i t i n  a c t i v i t i e s  o f  th e  
d i f f e r e n t  f r a c t i o n s  (A^ -  Ag) a g a i n s t  NHS in c r e a s e d  w i th  e a c h  
p u r i f i c a t i o n  s t e p .  T h ese  r e s u l t s  a r e  i n  good a g ree m en t th e  s p e c i f i c  
a c t i v i t y  d a t a  o b ta in e d  by L o f k v i s t  and  S j o q u i s t  (1 9 6 3 ) .  F ig u r e  4 
i l l u s t r a t e s  th e  p r e c i p i t i n  r e a c t i o n  o f  f r a c t i o n  Ag a g a i n s t  1 :2  NHS 
w h ic h , when a s s a y e d ,  h ad  a  t i t e r  o f  1 6 . S ix  f r a c t i o n s  c o l l e c t e d  
d u r in g  th e  p u r i f i c a t i o n  s te p s  w e re  t e s t e d  b y  im m u n o d iffu s io n  a g a i n s t  
a n t i s e r u m ,  w ith  a n t i - H F - 4  a c t i v i t y ,  t o  d e te rm in e  t h e i r  s e r o l o g i c a l  
a c t i v i t y .  F ig u r e  5 p r e s e n t s  a n  O u c h te r lo n y  two d im e n s io n a l  d i f f u s i o n  
w i th  a n t i -H F -4  i n  th e  c e n te r  w e l l  and th e  s i x  f r a c t i o n s  i n  th e  
s a t e l l i t e  w e l l s .  A r e a c t i o n  o f  i d e n t i t y  was form ed b e tw ee n  a l l  s i x  
f r a c t i o n s .  A r e a c t i o n  o f  p a r t i a l  i d e n t i t y  d e v e lo p e d  b e tw e e n  f r a c t i o n  
A3  and f r a c t i o n s  A2  and  A4 . F r a c t i o n  A3 , th e  HC1 p r e c i p i t a t e ,  w h ich  was 
n o t  u se d  f o r  f u r t h e r  p u r i f i c a t i o n ,  c o n ta in s  a b o u t 50%, o f  th e  t o t a l  
p r o t e i n  A o b ta in e d  b y  h e a t  e x t r a c t i o n  ( L o f k v is t  and S j o q u i s t ,  1 9 6 3 ) . 
A p p a re n tly  p r o t e i n  A a lo n g  w ith  o t h e r  a n t i g e n i c  d e te r m in a n ts  w ere  
rem oved by th e  a c id  p r e c i p i t a t i o n  s t e p .  The d a r k e r  c o l o r  s t a i n  o f  
f r a c t i o n  A3  may be e x p la in e d  b y  t h e  h ig h e r  p r o t e i n  c o n c e n t r a t i o n  u se d
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w ith  t h i s  f r a c t i o n  f o r  im m u n o d iffu s io n .
S e v e r a l  o f  th e  f r a c t i o n s  show m ore th a n  one p r e c i p i t i n  l i n e  w ith  
NRS ( F ig u re  6 ) .  The p r e c i p i t i n  l i n e  w h ich  d e v e lo p e d  b e tw een  f r a c t i o n  
A3  and  f r a c t i o n s  A2  and A4  may r e p r e s e n t  d i f f e r e n t  s i z e  a g g r e g a te s  o f  
p r o t e i n  A. B jo r k ,  P e te r s o n ,  and  S jo q u i s t  (1972) h av e  r e p o r te d  t h a t  
h e a t  e x t r a c t i o n  c a u s e s  d i s s o c i a t i o n  o f  p r o t e i n  A i n t o  d i f f e r e n t  
m o le c u la r  w e ig h t e n t i t i e s .  S u b se q u e n t p u r i f i c a t i o n  s t e p s  o f  t h i s  
s tu d y  c o u ld  h ave  s e p a r a te d  th e  d i f f e r e n t  e n t i t i e s  w h ich  a r e  now demon­
s t r a b l e  b y  s e p a r a t e ,  two o r  m o re , p r e c i p i t i n  l i n e s  b e tw een  eac h  f r a c t i o n  
and NRS. The p r e c i p i t i n  l i n e s  o b se rv e d  on t h i s  a s s a y  r e p r e s e n t  a  
r e a c t i o n  b e tw een  each  o f  th e  f r a c t i o n s  and  th e  Fc p o r t i o n  o f  IgG , 
w h e reas  p r e c i p i t i n  r e a c t i o n  o b se rv e d  in  F ig u r e  5 r e p r e s e n t  a  co m p o site  
o f  p r o t e i n  A F c  r e a c t i o n  and  s p e c i f i c  a n t ib o d y  a c t i v i t y  (F ab ) d i r e c t e d  
a g a i n s t  a n t i g e n i c  d e te r m in a n ts  on th e  d i f f e r e n t  f r a c t i o n s .
Im m u n o d iffu s io n  o f f r a c t i o n s  A3  and  A4  a g a i n s t  a n t i -H F -4  showed 
a  l i n e  o f  i d e n t i t y  w h ich  f u r t h e r  s u b s t a n t i a t e s  th e  s u p p o s i t io n  t h a t  
th e s e  f r a c t i o n s  a r e  hom ogeneous a n t i g e n i c a l l y  and  a l s o  shows m u l t i p l e  
l i n e s  o f  p r e c i p i t a t i o n  w h ich  may r e p r e s e n t  h e te ro g e n o u s  a g g r e g a te  s i z e  
(F ig u re  7 ) .  O th e rs  h a v e  r e p o r t e d  t h a t  m ore th a n  one a n t i g e n i c  d e te r m i­
n a n t  i s  p r e s e n t  d u r in g  th e  p u r i f i c a t i o n  s te p s  ( L o f k v is t  and S j o q u i s t ,  
1 9 6 3 ) . T hese  i n v e s t i g a t o r s  o b s e rv e d  f o u r  to  f i v e  p r e c i p i t i n  l i n e s  
b e tw een  th e  ammonium s u l f a t e  p r e c i p i t a t e d  f r a c t i o n  and  a n ti-S ^ . a u r e u s , 
Cowan I  se ru m . Grov e t  a l .  (1964) r e p o r t e d  t h a t  a  d o u b le  p r e c i p i t i n  
l i n e  d e v e lo p e d  b e tw een  th e  p r o t e i n  A p r e p a r a t i o n  and  a n ti-C o w a n  I  
serum  in  a g a r  p r e c i p i t a t i o n .  H ow ever, f r a c t i o n  A^ d e v e lo p e d  o n ly  a  
s i n g l e  p r e c i p i t i n  l i n e  a g a i n s t  a n t i -H F -4  se ru m , b u t  d id  h av e  two
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p r e c i p i t i n  l i n e s  a g a i n s t  NRS a s  was a l s o  s e e n  w i th  f r a c t i o n  A5 .
P h y s le a l  and C hem ica l C h a r a c t e r i z a t i o n
P o ly a c ry la m id e  d i s c  e l e c t r o p h o r e s i s  o f  f r a c t i o n  A5  (375  ng) 
r e s u l t e d  in  s i x  v i s i b l e  b a n d s ,  one band  s t a i n e d  d a r k e r  th a n  th e  o th e r  
f i v e  (F ig u re  8 ) .  D is c  e l e c t r o p h o r e s i s  was a l s o  p e rfo rm e d  w i th  f r a c t i o n  
Ai i n  o r d e r  to  com pare th e  c ru d e  p r o t e i n  A ( f r a c t i o n  Aj.) and  p u r i f i e d  
p r o t e i n  A ( f r a c t i o n  A g ) . E ig h t  p r o t e i n  ban d s w e re  o b s e rv e d  o n  th e  
g e l  i n  w hich  f r a c t i o n  A^ w as e le c t r o p h o r e s e d  ( F ig u r e  8 ) .  T h ese  
r e s u l t s  i n d i c a t e  t h a t  some o f  th e  c o n ta m in a t in g  p r o t e i n s  a s s o c i a t e d  
w i th  c ru d e  p r o t e i n  A w e re  rem oved by  th e  p u r i f i c a t i o n  p r o c e d u r e s .
An a t te m p t  was made t o  a s s a y  an  u n s ta in e d  g e l  a f t e r  e l e c t r o p h o r e s i s  
i n  a n  e f f o r t  to  d e te r m in e  w h ich  o f  t h e  p r o t e i n  b a n d s  had  p r o t e i n  A 
a c t i v i t y .  The d i s c  g e l  was p la c e d  in  m o lte n  1.5%  n o b le  a g a r  (60  C) , 
p a r a l l e l  t ro u g h s  w e re  c u t  on e a c h  s i d e  o f  th e  g e l ,  and f i l l e d  w ith  
150 Ml o f  e i t h e r  1 :2  NHS o r  1 :2  a n t i -H F -4  se ru m . No p r e c i p i t i n  l i n e s  
d e v e lo p e d  b e tw een  th e  g e l  and  e i t h e r  serum  s a m p le . One p o s s i b l e  
e x p la n a t io n  f o r  no  d i s c e r n a b le  r e a c t i o n  may b e  t h e  low  c o n c e n t r a ­
t i o n s  o f  a n t ig e n ic  m a t e r i a l  p r e s e n t  i n  th e  d i s c  g e l .  As o b s e rv e d  
d u r in g  th e  im m u n o d iffu s io n  a s s a y ,  c o n c e n t r a t i o n s  in  e x c e s s  o f  1 mg/ml 
w ere  n eed ed  in  o r d e r  t o  o b ta in  s a t i s f a c t o r y  p r e c i p i t i n  r e a c t i o n s  a g a i n s t  
NHS.
The m u l t i p l e  p r o t e i n  ban d s o b se rv e d  on th e  p o ly a c ry la m id e  g e l  
r e s e m b le  g e l  p a t t e r n s  f o r  p r o t e i n  A r e p o r te d  b y  F o r s g re n  an d  S j o q u i s t  
(1 9 6 9 ) .  A n a ly t i c a l  p o ly a c ry la m id e  e l e c t r o p h o r e s i s  o f  th e  m a t e r i a l  
o b ta in e d  from  DEAE-Sephadex c h ro m a to g rap h y  y i e ld e d  a  b ro a d  b an d  w ith
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F ig u r e  4 .  Im m u n o d iffu s io n  a s s a y  o f  f r a c t i o n  A$ w ith  a  1 :2  d i l u t i o n
o f  NHS. H ig h e s t d i l u t i o n  g iv in g  a  p r e c i p i t i n  r e a c t io n  was 
1 :1 6 .  Each w e l l  c o n ta in e d  10 ill o f  d i l u t e d  a n t ig e n  and th e  
c e n t e r  tro u g h  c o n ta in e d  150 ill o f  1 :2  NHS in  s a l i n e .
0 -  3 .7 5  m g/m l, 2 - f o ld  d i l u t i o n s .
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F ig u re  5 . Im m unod iffusion  r e a c t i o n s  o f Aj 4 .7 6  m g /m l, A2  2 .5  m g /m l, 
A3  1 0 .1 m g/m l, A4  4 .5  m g/m l, A5  5 .5  m g /m l, and  Ag 3 .7 5  
mg/m l a g a in s t  a  1 :2  d i l u t i o n  o f  r a b b i t  a n ti-S _ . a u r e u s , 
H F-4. C lockw ise from  A^ a r e  f r a c t i o n s  A2 , A3 , A4 , A5 , 
and  A$. Each s a t e l l i t e  w e l l  was f i l l e d  w i th  10 fil o f  
a n t ig e n  and th e  c e n t e r  w e ll  was f i l l e d  w i th  1 0  til o f  
a n t ib o d y .
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F ig u r e  6 . Im m u n o d iffu s io n  r e a c t i o n s  o f  4 .7 6  m g /m l, A2  2 .5  m g /m l,
A3  1 0 .1  m g /m l, A4  4 .5  m g /m l, A5  5 .5  m g /m l, and Ag 3 .7 5
mg/ml a g a i n s t  a  1 :2  d i l u t i o n  o f  NRS in  s a l i n e .  C lo c k w ise
from  Ai a r e  f r a c t i o n s  A2 * A3 , A4 , As* and  Ag. Each 
s a t e l l i t e  w e l l  c o n ta in e d  1 0  Ml o f  a n t ig e n  and th e  c e n t e r  
w e l l  c o n ta in e d  10 Ml NRS.
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F ig u r e  7 Im m u n o d iffu s io n  o f  f r a c t i o n s  A3  1 0 .1  mg/m l and A4  
4 .5  mg/ml a g a i n s t  a  1 :2  s a l i n e  d i l u t i o n  o f  an ti-S ^ . 
H F-4.
a u r e u s ,
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F ig u re  8 . P o ly a c ry la m id e  d i s c  e l e c t r o p h o r e s i s  an d  so d iu m  d o d ecy l
s u l f a t e  sy s tem  p a t t e r n s  f o r  t h e  v a r io u s  f r a c t i o n s  o f  p r o te in  
A. A. f r a c t i o n  A]_. B . f r a c t i o n  Ag. C , D, and  E a re  
in  a n  SDS sy s te m . C. f r a c t i o n  Ag. D . y e a s t  a lc o h o l  
d e h y d ro g e n a se . o v a lb u m in , and  E2  ly so z y m e .
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1-3  f a i n t  b a n d s . T hese  w o rk e rs  a l s o  u se d  h e a t  e x t r a c t i o n  to  o b ta in  
th e  c ru d e  p r o t e i n  A from  S^ . aureuB c e l l s .
B jo rk ,  e t  a l .  (1972) r e p o r te d  on c e r t a i n  p h y s io c h e m ic a l p r o p e r t i e s  
o f  p r o t e i n  A e x t r a c t e d  from  S . a u r e u s , Cowan I ,  by ly s o s ta p h in  d i g e s t i o n ,  
h e a t  e x t r a c t i o n ,  and  p r o t e i n  A e x t r a c te d  w ith  ly s o s ta p h in  and th e n  
h e a te d  f o r  2  h o u rs  to  s im u la te  h e a t  e x t r a c t i o n .
L y s o s ta p h in  p o s s e s s  t h r e e  e n zy m a tic  s p e c i f i c i t i e s :  am idase
a c i t i v i t y  w h ich  w i l l  c le a v e  th e  am ide bond be tw een  m uram ic a c id  and 
th e  N - te rm in a l  L - a la n in e  in  th e  t e t r a p e p t i d e ,  p e p t id a s e  a c t i v i t y  w hich 
w i l l  h y d ro ly z e  th e  p e n ta g y lc y l  b r id g e  t h a t  c o n n e c ts  a d ja c e n t  t e t r a -  
p e p t i d e s ; . and N -a c e ty lg lu c o s a m in id a s e  a c t i v i t y  w hich  w i l l  c le a v e  th e  
g lu c o s i d ic  l i n k a g e  b e tw een  m uram ic a c id  and N -a c e ty lg lu c o sa m in e  
( S j o q u i s t ,  M eloun , and H je lm . 1972) L y s o s ta p h in  e x t r a c t i o n  o f  
p r o te i n  A from  S . a u re u s  c e l l  w a lls  i s  c o n s id e re d  to  b e  a  more g e n t l e  
m ethod by  w h ich  to  e x t r a c t  p r o te i n  A th a n  h e a t  e x t r a c t i o n  ( S jo q u i s t ,  
M eloun, and H je lm , 1972) .
L y s o s ta p h in  e x t r a c t e d  p r o te in  A, d e s ig n a te d  p r o t e i n  A -l by 
B jo rk  and c o -w o rk e rs  (1972) , p roved  to  b e  hom ogeneous w ith  a  m o le c u la r  
w e ig h t o f  a b o u t 4 2 ,0 0 0 . The h e a t  t r e a t e d  (100 C, 2 h o u rs )  p r o t e i n  A -l 
a p p e a re d  to  b r e a k  in t o  s m a l le r  f ra g m e n ts  w ith  a  maximum m o le c u la r  w e ig h t 
o f  3 4 ,0 0 0  when s u b je c te d  to  g e l ch rom atog raphy  in  6  M g u a n id in e  - 
HC1. A ll  o f  th e  e l u t e d  p r o te i n  f r a c t i o n s  r e t a in e d  r e a c t i v i t y  w ith  
a n t i - p r o t e i n  A a n t i b o d i e s ,  w hich s u g g e s te d  t h a t  s m a l le r  f ra g m e n ts  
w ith  s e r o l o g i c a l  a c t i v i t y  w ere p rod u ced  by h e a t in g .
P r o te in  A p re p a re d  by h e a t  e x t r a c t i o n  from  S . a u r e u s , Cowan I ,  
was c h a r a c te r i z e d  by  B jo rk  e t  a l .  (1 9 7 2 ) . A f te r  p u r i f i c a t i o n  on 
DEAE-Sephadex, th e  a c t i v e  m a te r i a l  was ch rom atog raphed  on S ep h a ro se
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6 B In  6  M g u a n id in e  -  HC1. The f r a c t i o n s  w ere  t e s t e d  by  th e  ID 
a s s a y  a g a i n s t  b o th  a n t i - p r o t e i n  A and no rm al human gasm a g lo b u l in .
The m ost c o n c e n tr a te d  p eak  had  a  m o le c u la r  w e ig h t o f  a b o u t 2 9 ,5 0 0 .
H ea t e x t r a c t e d  p r o t e i n  A e l u t e d  a s  a  b ro a d  p e a k  w h ich  s u g g e s te d  a  
h e te ro g e n e o u s  p r o d u c t .  The u s e  o f  h e a t  e x t r a c t i o n  a s  th e  f i r s t  s t e p  
by  w h ich  to  f r e e  p r o t e i n  A fro m  th e  c e l l  w a l l  may e x p la in  th e  p re s e n c e  
o f  a  h e te ro g e n e o u s  p r o d u c t .  The u s e  o f  h e a t  e x t r a c t i o n  c o u ld  a l s o  
e x p la in  th e  p re s e n c e  o f  m u l t i p l e  b an d s  when Ag was e le c t r o p h o r e s e d  
by  p o ly a c ry la m id e  d i s c  e l e c t r o p h o r e s i s .
P o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  o f  f r a c t i o n  Ag in  0.1%  SDS 
sy s te m  p ro d u ced  a  s i n g l e ,  f a i n t  band  (F ig u re  8 ) .  T h re e  s t a n d a r d s :  
ly so z y m e , o v a lb u m in , and  y e a s t  a lc o h o l  d e h y d ro g e n a se  w ere  ru n  in  
p a r a l l e l  w i th  f r a c t i o n  Ag. A m o le c u la r  w e ig h t  o f  1 0 ,0 0 0  was c a l c u l a t e d  
f o r  f r a c t i o n  Ag when th e  m o le c u la r  w e ig h t o f  ea c h  s ta n d a r d  was a p p l ie d  
to  a  l o g a r i th m ic  p l o t  f o r  e a c h  o f  t h e i r  r e l a t i v e  m o b i l i t i e s  ( F ig u r e  9 ) .
V a r io u s  m o le c u la r  w e ig h ts  and  s e d im e n ta t io n  c o e f f i c i e n t  v a lu e s  
h a v e  b e e n  a s s ig n e d  to  p r b t e i n  A i n  th e  c u r r e n t  l i t e r a t u r e .  L o f k v i s t  
and  S j o q u i s t  (1963) f i r s t  r e p o r t e d  a  s e d im e n ta t io n  c o e f f i c i e n t  v a lu e  
f o r  p r o t e i n  A e x t r a c t e d  fro m  S.. a u r e u s , Cowan I ,  c e l l s  w h ich  w ere  
d i s e n t e g r a t e d  and e x t r a c t e d  w i th  c o ld  d i s t i l l e d  w a te r .  T h is  e x t r a c t  
was p u r i f i e d  by HC1 p r e c i p i t a t i o n ,  ammonium s u l f a t e  p r e c i p i t a t i o n ,  
S ep h ad ex  G-100 c h ro m a to g rap h y  and  f i n a l l y  e l e c t r o p h o r e s e d  on a  
P ev ik o n  b lo c k .  An S2o,w  = 2 .6 5  a t  5 mg/ml was c a l c u l a t e d  f o r  t h i s  
p r e p a r a t i o n .  Y o sh id a , Mudd, and  L e n h a r t  (1963) p u r i f i e d  p r o t e i n  A 
from  S . a u r e u s , in te rn a tio n a l s e r o ty p e  1 3 , a f t e r  e x t r a c t i o n  o f  c e l l  
w a l l  p r e p a r a t io n s  w ith  p a n c r e a t i c  d e o x y r ib o n u c le a s e .  T h e ir  p r e p a r a t i o n
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had a  m o le c u la r  w e ig h t o f  1 3 ,2 0 0  and  an  S2 q jW “ 1*65 a t  10 m g/m l.
Grov (1967) h e a t  e x t r a c t e d  S.. a u r e u s , Cowan I ,  a s  d id  F o rg re n  and  
S jo q u i s t  (1969) and  o b ta in e d  m o le c u la r  w e ig h t e s t im a t io n s  o f  1 2 ,0 0 0  
and  1 5 ,0 0 0 , r e s p e c t i v e l y .  R e c e n t ly  B jo r k ,  P e te r s o n ,  and  S j o q u i s t  
(1972) r e p o r te d  t h a t  p r o t e i n  A , e x t r a c t e d  from  S . a u r e u s , Cowan I ,  by 
th e  m ild  l y s o s t a p h i n  d i g e s t i o n  y ie ld e d  a  p r e p a r a t i o n  w i th  a  m o le c u la r  
w e ig h t o f  a b o u t 4 2 ,0 0 0 . T h u s , r e p o r te d  m o le c u la r  w e ig h ts  f o r  p r o t e i n  
A ra n g e  from  1 2 ,0 0 0  to  4 2 ,0 0 0 .  P o s s i b le  e x p la n a t io n s  f o r  t h e s e  d i s c r e p ­
a n c ie s  a r e ,  f i r s t ,  th e  s t r a i n  o f  !3. a u re u s  u se d  by  Y o sh id a  e t  a l .
(1963) may h a v e  a  p r o t e i n  A w h ich  d i f f e r s  fro m  t h a t  o f  s t r a i n  Cowan 1 
u se d  b y  th e  o t h e r  i n v e s t i g a t o r s ,  s e c o n d ly ,  d i f f e r e n t  te c h n iq u e s  u se d  
f o r  e x t r a c t i o n  and  p u r i f i c a t i o n  h a v e  b e e n  u t i l i z e d  by th e  d i f f e r e n t  
g ro u p s . T h ese  d i f f e r e n t  te c h n iq u e s  may r e l e a s e  p o ly p e p t id e  u n i t s  o f  
v a r io u s  l e n g th s  and  w e ig h t s ,  a l l  o f  w h ich  p o s s e s s  a  r e a c t i v e  s i t e  
f o r  th e  Fc r e g io n  o f  IgG . T h is  l a t t e r  p o s s i b i l i t y  h a s  b e e n  s u p p o r te d  
b y  th e  w ork o f  B jo rk  e t  a l .  (1 9 7 2 ) ,  who h e a t  t r e a t e d  l y s o s t a p h i n  
e x t r a c t e d  p r o t e i n  A and o b s e rv e d  b o th  lo w e r  m o le c u la r  w e ig h t  f r a c t i o n s  
and  a  m ore h e te ro g e n e o u s  p ro d u c t  w h ich  r e t a i n e d  Fc r e a c t i v i t y .
Amino a c i d  a n a l y s i s  o f  f r a c t i o n  Ag showed t h a t  16 am ino a c id s  
w ere  p r e s e n t  i n  t h i s  p r e p a r a t i o n  (T a b le  4 ) .  T h ese  16 am ino 
a c id s  w ere  th e  same a s  th o s e  r e p o r t e d  b y  S j o q u i s t ,  M eloun , and  H je lm  
(1972) to  b e  p r e s e n t  in  p r o t e i n  A e x t r a c t e d  from  S . a u r e u s , Cowan I ,  
b y  ly s o s t a p h i n  d i g e s t i o n .  F o r s g r e n  and  S jo q u i s t  (1969) h e a t  e x t r a c t e d  
S . a u r e u s , Cowan I ,  and  t h e i r  p r o t e i n  A p r e p a r a t i o n  c o n ta in e d  th e  same 
16 am ino a c id s  fo u n d  in  f r a c t i o n  Ag o f  H F-4. P r e v io u s ly ,  G rov e t  a l .
(1964) r e p o r t e d  f i n d i n g  o n ly  10 am ino a c id s  i n  t h e i r  p r o t e i n  A
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p r e p a r a t io n  o b ta in e d  by  p u r i f i c a t i o n  o f  h e a t  e x t r a c t e d  S.. a u r e u s ,  
Cowan I .  D if f e r e n c e s  i n  th e  r e l a t i v e  p r o p o r t io n s  f o r  th e  v a r io u s  
am ino a c id s  i n  eac h  o f  th e s e  t h r e e  a n a ly s e s  w ere  n o te d ,  b u t  o f  th e  
f i v e  am ino a c id s  p r e s e n t  in  t h e  h ig h e s t  c o n c e n t r a t i o n s  f o u r  w ere  
common in  a l l  f o u r  r e p o r t s :  a s p a r t i c  a c i d ,  a l a n i n e ,  g lu ta m ic  a c i d ,
and  l y s i n e .  F r a c t i o n  Ag c o n ta in e d  much m ore g ly c in e  th a n  fo u n d  b y  
th e  o th e r  t h r e e  i n v e s t i g a t o r s .  S in c e  S . a u r e u s ,  H F -4 , a  b o v in e  
i s o l a t e  o b ta in e d  from  m a s t l t i c  m i lk ,  was th e  s o u rc e  o f  f r a c t i o n  Ag, 
t h i s  may a c c o u n t f o r  th e  d i s c r e p a n c y .  A ls o , h e a t  e x t r a c t i o n  o f  HF-4 
w as u sed  in  t h i s  s tu d y  and S j o q u i s t  e t  a l .  (1972 ) u s e d  ly s o s t a p h i n .  
T e c h n iq u e s  u se d  f o r  th e  i n i t i a l  e x t r a c t i o n  o f  c ru d e  p r o t e i n  A from  
th e  S . a u re u s  c e l l  may a l s o  e x p l a i n  am ino a c id  a n a ly s e s  d i f f e r e n c e s .
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F ig u r e  9 . M o le c u la r  w e ig h t e s t i m a t io n  by  p o ly a c ry la m id e  g e l  e l e c t r o ­
p h o r e s i s  i n  0.1% sodium  d o d e c y l s u l f a t e .  A. o v a lb u m in , 
raw 4 3 ,0 0 0 ,  B. y e a s t  a l c o h o l  d e h y d ro g e n a se , mw 3 7 ,0 0 0 ,
C. ly so z y m e , mw 1 4 ,3 0 0 , D. f r a c t i o n  Ag, mw 1 0 ,0 0 0 . 
R e l a t i v e  m o b i l i t i e s  d e te r m in a t io n s  based  on a  v a lu e  o f  















0.2 t .41 . 0
R e l a t i v e  M o b i l l t l e e
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T a b le  3 .  Amino a c id  a n a l y s i s  o f  f r a c t i o n  Ag h y d ro ly z e d  f o r  48 h o u rs  
in  6  N HCl a t  110 C
Amino A cid it M oles
No. o f  
re s id u e B a
Lys in e 0 .0 3 6 8 11 .39
H is t i d i n e 0 . 0 0 2 0 0 .6 2
A rg in in e 0 .0 0 4 1 1.27
A s p a r t i c  a c id 0 .0 3 2 6 10 .09
T h re o n in e 0 .0 0 8 2 2 .54
S e r in e 0 . 0 0 1 2 0 .3 7
G lu ta m ic  a c id 0 .0 3 8 1 11 .80
P r o l in e 0 .0 0 8 1 2 .5 1
G ly c in e 0 .1 3 2 0 40 .8 7
A la n in e 0 .0 6 5 0 2 0 . 1 2
V a lin e 0 .0 1 5 8 4 .8 9
M e th io n in e 0 .0 0 6 5 2 . 0 1
I s o le u c in e 0 .0 0 9 6 2 .97
L e u c in e 0 . 0 1 0 2 3 .1 6
T y ro s in e 0 . 0 0 1 0 0 .3 1
P h e n y la la n in e 0 .0 2 4 5 7 .58
C a l c u l a t i o n s  b a se d  on a  m o le c u la r  w e ig h t o f  1 0 , 0 0 0 .
SUMMARY
A b o v in e  i s o l a t e  o f  S ta p h y lo c o c c u s  a u r e u s , d e s ig n a t e d  H i l l  Farm  
4 ,  was u sed  a s  t h e  s o u r c e  o f  a  c e l l  w a ll  a n t i g e n ,  p r o t e i n  A. The 
s ta p h y lo c o c c a l  c e l l s  w e re  h e a t  t r e a t e d  and th e  c ru d e  p r o t e i n  A e x ­
t r a c t e d  was p u r i f i e d  b y  HC1 p r e c i p i t a t i o n ,  ammonium s u l f a t e  p r e c i p i t a ­
t i o n ,  column c h ro m a to g ra p h y  w i th  S ephadex G -100 g e l  and  D E A E -c e llu lo s e . 
F r a c t io n s  o b ta in e d  a f t e r  t h e  v a r io u s  p u r i f i c a t i o n  s t e p s  w e re  fo u n d  to  
p ro d u ce  a  p r e c i p i t i n  r e a c t i o n  a g a i n s t  n o rm al human se ru m  (N HS), w h ich  
i s  th e  c r i t e r i o n  f o r  d e t e r m in in g  p r o t e i n  A r e a c t i v i t y .  F r a c t i o n  Ag, 
c o n s id e re d  to  b e  p u r i f i e d  p r o t e i n  A, e x h i b i t e d  a  t i t e r  o f  16 a g a i n s t  
NHS and r e p r e s e n t e d  a b o u t  a  1 6 - f o l d  p u r i f i c a t i o n  com pared t o  c ru d e  
p r o t e i n  A, f r a c t i o n  A]..
Each o f  t h e  s i x  f r a c t i o n s  a l s o  had  p r e c i p i t i n  a c t i v i t y  w i th  no rm al 
r a b b i t  serum  (NRS) b u t  n o t  w i th  n o rm al b o v in e  serum  (NBS) ta k e n  from  
a  2 -d a y -o ld  J e r s e y  c a l f .  R e a c t io n s  o f  i d e n t i t y  w ere  o b s e rv e d  b e tw ee n  
a l l  f r a c t i o n s  w hen t e s t e d  b y  im m u n o d iffu s io n  a g a i n s t  b o th  NRS and  
a n t i-H F -4  se ru m .
F u r th e r  c h a r a c t e r i z a t i o n  o f  f r a c t i o n  Ag by p o ly a c ry la m id e  d i s c  
e l e c t r o p h o r e s i s  i n d i c a t e d  t h a t  t h i s  f r a c t i o n  c o n ta in e d  a t  l e a s t  f i v e  
p r o t e i n  e n t i t i e s  w hen 3 t a i n e d  w i th  am ido b l a c k .  E l e c t r o p h o r e s i s  o f  
f r a c t i o n  Ag a f t e r  so d iu m  d o d e c y l s u l f a t e  t r e a tm e n t  p ro d u c e d  a  s i n g l e ,  
f a i n t  b an d . A m o le c u la r  w e ig h t  d e te r m in a t io n  made on f r a c t i o n  Ag 
u s in g  ly so zy m e , o v a lb u m in ,  and  a lc o h o l  d e h y d ro g e n a se  a s  s t a n d a r d s  was 
d e te rm in e d  to  b e  a p p r o x im a te ly  1 0 , 0 0 0 .
Amino a c id  a n a l y s i s  o f  f r a c t i o n  Ag showed t h a t  s i x t e e n  am ino
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a c id s  were p re se n t: .  T h e  f iv e  am in o  a c id  r e s i d u e s  in  h i g h e s t  c o n c e n t r a t i o n  
w ere g ly c in e ,  4 0 .9 ,  a l a n i n e ,  2 0 .1 ,  g lu ta m ic  a c i d ,  1 1 ,8 ,  l y s i n e ,  1 1 .4 ,  
and a s p a r t i c  a c i d ,  1 0 . 1  r e s id u e s .
D isc re p a n c ie s  b e tw e e n  th e s e  f in d in g s  and  d a t a  r e p o r t e d  f o r  
s ta p h y lo c o c c a l p r o t e i n  A may be p a r t i a l l y  e x p la in e d  by d i f f e r e n t  
s t r a i n s  o f S . a u re u s  ex am in ed , o r  d i f f e r e n t  e x t r a c t i o n  a n d  p u r i f i c a t i o n  
p ro ced u res  em ployed .
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